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SUMMARY OF SPIN AND RECOVERY CHARACTERISTICS OF 12 MODELS

OF FLyING-WING AND ticoNVENTIONAL-TYPE AIRp~NES ,

By Ralph W. Stone, Jr. and Burton E. Hultz

suMiARY
. ,.

A compilation is presented of free-spinning model results of “
investigations of the spin and recovery characteristics of 12 flying-
wing and unconventional-typ? designs. The results were obtained from
dynmic tests in the Langley 15-foot free-spinning tunnel and in the
Langley 20-foot free-spinning tunnel which replaced it. Dimensional
data, mass data, and three-view drawings of the free-spinning models
which correspond to each of.the 12 airplane designs are presented. The
model test results presented include the spin and recovery characteristics
of each model for various combinations of control deflections and for
various loadings and dimensional configurations.

.The results of the spin-tunnel investigations indicated that the
effects of control setting and control movement on the spin and spin-
recovery characteristics of the flying-wing and unconventional-type
models were affected by changes in mass distribution in the same manner
as for models of conventional configurations. For mass distributed
chiefly along the fuselage, aileron-with and elevator-up settings were
conducive of the best recovery; whereas elevator-down and aileron-against
settings were conducive of the slowest recovery; for mass distributed
chiefly along the wings, the converse was true. The influence of mass
distribution on the effect of directional controls was dependent not
only on the yawing moment produced but also on the accompanying rolling-
moment if the rolling moment was appreciable. Recovery techniques
required were similar to”those of conventional configurations except
where unconventional-type control surfaces set up unusual moments when
moved for recovery. The models generally recovered from inverted spins ~
as readily as from erect spins and it was indicated that wing-tip
parachutes are an effective means of terminating spins in an emergency.
Although the results were not sufficiently extensive for evaluation in
the form of a design criterion for satisfactory recovery, the.data
presented should help designers of flying-wing and unconventional-type
airplanes anticipate probable spin and recovery characteristics.
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INTRODUCTION
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The results of investigations of the spin and recovery characteristics
of numerous models tested in the Langley is-foot free-spiriing tunnel and
the Langley 20-foot free-spinning tunnel during the years 1935 to 1946
have been used to establish empirical criterions for satisfactory spin
recovery (references 1 and 2) which are generally applicable to airplanes
having mass distributions typical of this time period and which are
considered of conventional design (that is, having both horizontal and

‘ vertical surfaces at the tail end of the airplane). The results of
several designs which may be generally termed unconventional or flYing-
wing.ty~ configurations were also available and, because of increased
interest in unconventional high-speed airplane configurations, it appeared
desirable to evaluate these available results to determine criterions
for satisfactory spin recovery similar to those evolved for conventional
airplanes. Because the flying-wing and unconventional-type designs often
utilized unusual and different methods of obtaining directional control,
it was not possible to evaluate their spin-recovery characteristics in
terms of a vertical-tail design parameter (tail-dampingpower factor)
in the manner used for conventional designs (reference 1). Also, because
of rather limited data available for these configurations, an alternate
effective parueter could not be developed at this time. Results
available for 12 designs of unconventional and flying-wing-type config-
urations have been summarized, however, and the more important spin and
recovery characteristics are presented in this paper.

The effects of mass distribution and center-of-gravity location
were determined for many of the models as were the effects of geometric
modifications designed in an attempt to improve the spin-recovery
characteristics. The investigations included the determination of the
effectiveness for spin recovery of Several types of controls which are
peculiar to flying-wing and unconventional-type airplanes.

The spin and recovery characteristics of each model are presented
for the various control configurations,mass distributions, and
dimensional configurations tested. Dimensional data, mass data, and a
three-view drawing of each of the various free-spinning models are
included. The data presented are intended to help designers of uncon-
ventional and flying-wing-type airplanes anticipate probable spin and
recovery characteristics.

SYMBOLS

b

s

wing span, feet

wing area, sqwre feet
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... . ..&.-.,. ‘~$:-gq-~,. - .

.

●

.-—
..



NACA RM L50L29
.*

c:

Z/z

- -44

mean aerodyrmnic chord, inches

wing local chord, inches

3

ratio of distance of center of gravity rearward of
leading edge of mean aerodynamic chord to mean
aerodynamic chord; positive when center-of-gravity
position is rearward of leading edge of E

ratio of distance between center of,gravity and thrust
line or fuselage reference line to length of mean
aerodynamic chord; positive when center of gravity
is below thrust line ,,

m mass of airplane, slugs

P air density, slug per cubic foot

P airplane relative density (m/pSb)

Ix) Iy) Iz moments of inertia about X, Y, Z body axes, respectively,
slug-feet2

.

.

.
.

1X “ Iy

mb2
inertia

Iy - Iz

2
inertia

mb

Iz - Ix
inertia

mb2

yawing-moment pmameter

rolling-moment parameter

pitching-moment parameter

a angle between thrust line or fuselage reference line
and vertical, degrees, approximately equal to absolute
value of angle of attack at plane of symmetry

$
angle between span axis and horizontal, degrees; on the

charts U or D means inboard wing (right wing in a
right spin) up or down, respectively, with relation
to the horizontal

v full-scale true rate of descent, feet per second

c1 full-scale angular velocity about spin axis, revolutions
per second

-.
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deflection of rudder=,degrees
,.

deflection of elevator, degrees

deflection of ailerons, degrees

elevator up

elevator neutral

elevator down

rolling-moment coefficient due to control deflection

( /)
Rolling moment &

yawing-moment coefficient due to control deflection

( /)
Yawing moment *

MODELS

The dimensional and mass characteristics of the airplanes simulated
by the models-are presented in tables I and 11, respectively. Three-view
drawings of the models are presented in figure 1. The models were con-
structed as described in reference 3. Briefly, each model was constructed
primarily of balsa to be dimensionally similar ad-was ballasted with
lead weights to be dynamically similar to the particular airplane it
represented at a given test altitude. A remote-control meclwmism was
installed in the model toractuate the controls for recovery tests.
Sufficient moments were exerted on the control surfaces during recovery
tests to move the controls rapidly to the desired positions without
regard to the actual forces required to move the controls of the airplane.
Parachutes used for spin-recovery parachute tests were of the flat circular
type, made of silk, and had drag coefficients of approximately 0.7 based
on the surface area of the canopy when ~pread out flat.

The lateral and longitudinal controls for someof the models presented
herein are combined in one pair of control surfaces designated as elevens.
Longitudinal control is obtained by deflection of the elevens together and
lateral control is obtained by differential deflection”of the elevens.
In this paper, eleven deflections for longitudinal and lateral control
will be referred to, generally, as elevator and aileron deflections,
respectively.

.

.

.
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Wind Tunnel and Testing Techniques

The model tests were performed in the Langley 15-foot free-spinning
tunnel and in the Langley 20-foot free-spinning tunnel which replaced it.
The operation of the Langley 15-foot free-spinning tunnel is described
in reference 3 and operation of the Langley 20-foot free-spinning tunnel
is generally similar. In brief, models are launched with rotation into
the vertically rising air stream of the tunnel and the airspeed is varied
by the operator until it equals the rate of descent of the model. The
model is thus maintained at approximately eye level in the test section.
With the model spinning freely, observations of its general behavior are
made, and motion-picture records are obtained. Figure 2 shows a typical
model spinning in the Langley 20-foot free-spinning tunnel. After
observation of the fully developed Spin, recoveries are attempted. The
turns for recovery are measured from the time ‘thecontrols are moved to
the time the spin rotation ceases.

●

.

Spin tests generally are ~de to determine the spin and recovery
characteristics of the model for the normal spinning control configuration
(elevator full up, ailerons neutralj and rudder full with the spin) and
at various other aileron-elevator combinations including neutral and
maximum deflections. The control deflections used were measured
perpendicular to the hinge lines. Recoveries are generally attempted
by rapid full rudder reversal, although for the investigations presented
herein, some recoveries were attempted by other control manipulations
which are specifically noted on the charts. For spins which had rates of
descent in excess of that which could be readily attained in the tunnel,
the rate of descent was recorded as greater than the velocity at the time
the model hit the safety net, as >300. For’recovery attempts in which
the model struck the safety net before recovery could be effected, because
of the wandering or oscillatory nature of the spin or because of an
unusually high rate of descent, the number of turns from the time the
controls were moved to the time the mpdel struck the safety net was
recorded. *This number indicates that the model rewired more turns to
recover from the spin than shown, as, for exsnple, >3. A >3-turn recovery,
however, does not necessarily indicate an improvement over a >7-turn
recovery. The symbol ~ is used on the charts to indicate ,thatrecovery
required more than 10 turns. For a condition in which the model recovered
without movement of the controls after having been launched in a spinning
attitude with the controls set for a spin, the result is recorded on the
charts as “no spin.”

The recovery characteristics of a model have been considered satis-
factory if recovery from the spin at the normal spinning coptrol configura-

. tion (rudder full with, elevator full up, and ailerons neutral) requir’es
. 2 turns or less,and if small deviations from this control configuration do

not cause recovery to exceed 2#jturns. Small deviations are considered to

. be those which allow for a variation in the deflection of any given control
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setting by as much as one-third from its intended position. This crite-
rion for satisfactory spin recovery has been adopted on the basis of full-
scale-airplane spin-recovery data and correspondingmodel test results
(reference 4). The full-scale results available in reference 4 were
generally for conventional-typeairplanes with horizontal tails, but
unless actual full-scale spins of unconventional or flying-wing type
airplanes subsequently prove otherwise} it is felt that the criterion for
satisfactory recovery specified my be generally applicable to all tYPes
of airplane designs. Unpublished observation of airplane motions for
some of the unconventional and flying-wing-ty~e configurations presented
herein have indicated that the model results give qualitative agreement,
at least, with the motions obtained cm the airplanes.

The spin-recoveryparachute tests were performed in the reamer
described in reference 5. In brief, recoveries were generally attempted
by parachute action alone, the rudder being maintained with the spin.
The parachutes were opened by use of a remote-control mechanism.

PRECISION

The results of the free-spinning-tunneltests presented are believed
to be the true values given by the model within the following limits:

a,deg. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ‘1
$J deg . . . . . . . . . . . . . . . . . . . .,..,.,a....~~
V,percento . . ● .C . . . , . . . ..’.. . . . . . ● ■ o c s ● C
Q, percent. . . . . . . . . . . . . . . c . . . . . . . . . c J s ● *2
Turns for recovery:
From motion-picture records . . . . . .. . . . . . . . . . c . . ~Q

Fromvisudestimate. . . . . . : ● . . . . . . . . ● . . . . . ● ‘~_

All recoveries presented herein were obtained from motion-picture
records expect where otherwise specifically noted on the charts.

The preceding limits may have been exceeded for certain spins in which
it was difficult to control the model in the tunnel because of the high
rate of descent or because of the wandering or oscillatory nature of the
spin. Comparison between model and airplane spin results (reference 4)
indicates that spin-tunnel results are not always in complete agreement
with airplane results. In general,when the model spun at an angle Of
attack less than 45° the corresponding airplane spun at a larger angle

—
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of attack, and when the model spun at an angle of
45°, the”corresponding airplane spun at a smaller

7

attack greater than
angle of attack.-

Generally, the spin at the lower angle of attack (either model or airplane)
was associated with the higher rate of descent. The airplane generally
spun with its inner wing down more than the inner wing of the corresponding
model. The cbmparisdn made in reference 4 for 60 different designs
indicated that approximately 90 percent of the models satisfactorily
predicted full-scale recovery characteristics and that the remaining 10 per-
cent of the models were of some value in predicting details of the
full-scale results such as proper recovery technique, aileron effects, and
the motion in the developed s,pin. The designs compared in reference 4
were, in general, for conventional airplanes.

The accuracy of measuring the weight and mass.distribution of the
models is believed to be within the following limits:

Weight, percent. . . . . . . . . . . . . . . . . . . . . . . . ,; &L

Center-of-gravity location, percent ~ . ..’.. . . . . . , . . . . . *1
Moments ofinertia, percent . . . . . . . . . . . . . . . . . . . . f5

The controls were set with an accuracy of fl”.

●

TEST CONDITIONS

The variations of the mass-distribution parameters for the various
loadings investigated for each model are presented in figure 3. Figure 4
shows the variations of the control-surface deflections with stick
positions for the models which combined the longitudinal and lateraL
controls in one control surface. The dimensional modifications tested
during the investigations summarized in this paper are presented in figure 5.
Figure 6 shows the original rudders tested on models 1 to 4, these rudders
are of the drag type and are mounted at the wing tips. The”
configurations tested on each specific model for each model
are indicated in charts 1 to 14 with the results.

control
configuration

RISULTS AND DISCUSSION

The erect spin and recovery data for the 12 models smmarized herein
are presented in charts 1 to 12. Inverted spin data and spin-recovery
parachute data,available for some of the 12 models are presented in

.

.
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charts 13 and 14, respectively. The results of tests with dimensional
modifications on the various models are listed with their indicated
effectiveness in table III and in general are presented in the corre-
sponding charts 1 to 12.

Erect Spins

The spin and recovery characteristics of models 1 to 6 (charts 1
to 6) were found to be in general agreement with references 1 and 6 as
regards the influence of the mass distribution.on the effectiveness of
the controls during the spin and the recovery. When the mass of the
models was distributed primarily along the wings, for example, aileron
settings against the spin (stick left in a right spin) and down-
elevator settings (stick forward) were generally favorable. For these
control settings, steeper spins with more rapid recoveries were generally
obtained than were obtained for other control settings. These control
settings were also conducive of no-spin conditions. For this mass
distribution, reversal of rudders-which primarily gave a yawing moment
only were ineffective; whereas movement of the elevator down appe=ed
to be the most effective method of obtaining recovery. Such control
movement for recovery is consistent with that indicated for conventional
airplanes for similar loadings. When the mass of the models was distri-
buted primarily along the fuselage, aileron-with settings and elevator-
up settings were generally most effective in causing steep spins from
which recovery was most easily obtained. For this mass distribution,
movement of the rudder against the spin, when the rudder primarily gave
a yawing moment only, generally appeared to be the most effective method
of obtaining recovery. These results of control effectiveness are also
consistent with those indicated for conventional airplanes for similar
loadings (references 1 and 6).

Some exceptions to the general effects of’control settings and
movements on the spin and recovery were obtained, however. When, for
example, model 6 had its loading distributed mainly along the wings
(chart 6) full-down elevator and full ailerons against the spin sometimes
caused a relatively flat spin from which recovery was unsatisfactory.
For this model and other similar models, combination of the longitudinal
and lateral controls in a single surface caused unusually large deflections
of the surfaces when both full elevator and aileron controls were applied.
When the elevator was full down and the ailerons were full against the
spin, the inboard control surface (that on the right wing in.a right spin)
had a large downward deflection; whereas the outboard-control surface
was nearly neutral. It is believed that this large downward deflection
of the inboard control caused unusually large pro-spin yawing moments
which overcame the possible favorable effect of the rolling moment due
to the aileron-against setting. For loadings for which the mass was
distributed primarily along the fuselage, control settings of the elevator

●

.

.
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full up and the ailerons full with the spin tended to be similarly
. detrimental.

Models 1 to 4 (charts 1 to 4) had rudders which did not primarily
provide yawing moments only but also provided appreciable rolling moments.
The rudders for models 1 to 4 are shown in figure 6. Typical of these.
rudders are those of models 2 and 3, similar models with different
rudders. The rudder of model 2 is a spoiler-like surface which on the
airplane protruded downward and for~rd through the lower surface of
the wing; a pitch flap moved upward in conjunction with downward move- .
ment of the spoiler surface. On model 3 two split flap-like surfaces,
one on the upper surface and one on the lower surface of the wing, were
both deflected for rudder movement. For both models, the rudders on
the right wing functioned and those on the left wing remained neutral
for a right turn. These rudders may generally be termed scoop-type
and split-type rudders, respectively.

A comparison of the aerodynamic yawing- and rolling-moment character-
istics of the two general types of rudders (measured on,the free-flight-
tunnel balance, described in reference 7) is shown in figure 7. The
results indicate that, for angles of attack above 34°, setting the rudder
against the spin (left rudder pedal forward in a right spin) for the

● scoop-type rudder produced a rolling-moment increment in the ssme direc-
tion as would be obtainedby setting the ailerons against the spin
(left stick in a right spin); whereas for the split-type rudder, a

. rolling-moment increment in the same direction as would be obtained by
setting the ailerons with the spin was produced. The yawing moments
contributed by both types of rudders were approximately the same. The
results are consistent with those indicated in reference 6 for conven-
tional designs with loadings with the mass distributed primarily along “
the wings in that rolling moments caused by aileron-against settings
were favorable and rolling moments caused by aileron-with settings were
unfavorable to spin recovery. Thus for wing-heavy loadlngs, the scoop-
type rudders when moved against the spin gave favorable rolling moments
for spin recovery and the split-type rudders when moved against the spin
produced unfavorable rolling moments. Conversely, it was indicated that
maintaining the split-t~e rudders with the spin was favorable for spin
recovery; whereas maintaining the scoop-type rudders with the spin was
unfavorable. As is further indicated in reference 6, for loadings in
which the mass is distributed primarily along the fuselage, aileron-with
settings are favorable. It appears probable that, for designs with the
loading primarily along the fuselage, scoop-type rudders when set against
the spin would have produced unfavorable rolling moments for spin recovery;
whereas split-type rudders would have produced favorable rolling moments.

.
.

.

Models 5 and 6 had rudder control surfaces that primarily provided
a yawing moment only. Model 5 had dual rudders and model 6 was tested
both with single and dual rudders. For models 5 and 6 (charts 5 and 6),
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when the mass distribution was primarily along the fuselage, rudder
reversal was generally effective in producing recovery; whereas for
model 6, rudder reversal was ineffective in producing recovery when the
mass distribution was primarily along the wings. These results are in
accord with the results of reference 1 for conventional airplane designs.
Thus rudders which primarily provided yawing moment only appear to be
similarly effective in producing recovery for airplanes of the flying-
wing type as for airplanes of conrentioml designs, depending primarily
on mass distribution. It has been noted for one model (model 6) that

single or dual vertical tails appeared equally as effective provided they
had equivalent vertical-tail volume (reference 8).

a

Model 7 had a delta-wing plan form and a loading for which the weight
was very heavily.distributedalong the fuselage. The results of an
extensive investigation on model 7 (reference 9) indicate that spins may
not be obtained for values of the inertia yawing-moment pamm-

(
eter Ix - Iy/mb~ between approximately -450 x 10-4 to -750 x 10-4and that

flat spins will generally be obtained for larger or smaller values of the
inertia yawing-moment parameter. Reversal of the rudder was generally
ineffective in stopping the spin rotation except when sufficiently large
dual vertical tails and rudders were used (reference 9). These large
vertical tails are shown in figure ~ and the results m?e noted in table
Movement of the ailerons with the spin, however, was generally effec-
tive for terminating the spin rotation. This effect is in agreement
with the results obtained during an extensive investigation on a swept-
wing model having a horizontal tail. This model was tested at fuselage
heavy mass distributions (reference 10) beyond the mass range of refer-
ences 1 and 6. For all loading conditions tested on model 7 after spin
rotation had ceased, the model tended to glide at a flat attitude (very
high angle of attack) decreasing its angle of attack relatively slowly
except when the elevator was full down.

Model 8 had a sweptforward wing and generally tended to spin flat
with a wide radius, very slow rotation, and large oscillations in roll,

133.. :

.

pitch, and yaw (c&t 8). Rudder reversal generally stopped the rotation
but the model tended to ‘glideat very large angles of attack above the
stall and the oscillations continued after the rotation ceased. When the
elevator was reversed to full down following rudder reversal, however,
the model tended to dive after the spin rotation ceased. Unpublished
full-scale results on this design indicated that accurately timed move-
ment of the stick forward during the oscillations was required to regain
unstalled flight. The results of an extensive investigation of modifica-
tions to this design and a brief comparison with flying-wing types with
sweptback wings indicate that major modifications would be needed to
improve the characteristics of this design and that in this instance the
sweptforward wing appesred to cause t~ unsatisfactory trim character-
istics. Installation of a large horizontal tail and increased

.

.
.

..
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vertical-tail length made the model*s trim and spin characteristics
. satisfactory. The results with the horizontal tail installed are noted

in table III a~d the modification is shown in fig~e 5.

Models 9 and 10 were similar designs having approximately circular
plan form, dual vertical tails mounted on the upper surface of the wing,
and horizontal surfaces with control surfaces extending from the nearly
circular plan form for longitudinal and lateral control. The spin and
recovery characteristics of model 9 (chart 9) were not appreciably
affected by changes in mass distribution for the range of values of

inertia yawing-moment parameter tested

)
590x 10-4.

(% - +b’ ‘rem-208x 10-4‘o
Increasing the relative density for model 9, however, had

an adverse effect upon spin recovery. The results for the largest
relative density for model 9 and the results for model 10 (chart 10)
which were for a similarly large relative density, indicated poor recovery
characteristics. Satisfactory spin recoveries were obtained for model 9
by a special technique for which the leading edges of the horizontal
surfaces were moved down and the stick was held back and moved against
the spin (left in a right spin) while the rudder was reversed. Satis-
factory recoveries were obtained on model 10 only with the installation of
modifications and following a recovery technique in which the stick was

. held full back and,moved against the spin while the rudder was reversed,
. a technique similar to that used for model 9. The satisfactory modi-

fications used for model 10 were a supplementary”vertical tail (supple-
mentary tail 2, fig. 5(g)) behind the trailing edge, a large semispan.
spoiler (spoiler no. 4, fig. 5(g)) beneath the outer wing in a spin
(left wing in a right spin), or two large vertical fins (vertical fin 7,
fig. 5(g)) mounted on the horizontal control surfaces.

Models 11 and 12 were tail-first or canard-type designs. The spin-
ning characteristics of these models (charts 11 and 12) were not affected
by small variations in mass distribution or by small movements of the
center of gravity. After recovery from the spin, model 11 trimmed at
a high angle of attack (approx. 800) even when the elevator was set to
simulate a stick position of full forward. Modifications which caused
model 11 to trim in a normal flight attitude after the spinning rotation
had been stopped were the addition of large fillets or drooping enlarged
ailerons 22°. Prior to spin tests, model 12 was designed so that it
would not trim at high angles of attack by installing a large elevator with
increased deflections over those of model 11, and by installing large wing-
tip trimmers. The configuration for model 12 with these changes is shown

.

in-figure 1(7). Satisfactory spin recoveries in which
in a dive were obtained for model 12 by application of
reversal when the elevator was set to simulate a stick
forward.

the mo~el recovered
full rudder
position of full
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Inverted Spins

Inverted spin and recovery characteristicswere available for 10 of
the 12 models presented herein. These results are presented in chart 13.
A brief analysis of the results based on reference 11, a summary of
inverted spin results, is presented.

When the ailerons were set with the spin, for the fully developed
inverted spins presented, the ailerons were set to simulate a stick
position to the pilot’s left when spinning to the pilot’s right with the
rudder to the pilot’s right (controls crossed). When the ailerons were
set against the inverted spin, the controls were together. Elevator-up
simulated stick forward and elevator-down sign.il.atedstick back. In
chart 13, the angle of wing tilt is given as up or down,relative to the
ground.

Model 1 would spin inverted only when the ailerons were neutral or
with the spin. Recoveries f@m these spins were generally unsatisfactory.
The inverted spin results were generally similar to those for erect spins.
This is probably an indication that exposed area which tended to damp
the rotation was approximately the same for both erect and inverted
spins.

Model 2 would spin inverted only when the ailerons were with the
spin with the stick neutral or forward longitudinally. The inverted
spin characteristicswere considered somewhat improved over the erect
spin characteristics in that spins were obtained for fewer control
settings (that isj more no-spin conditions were obtained).

Model kwould generally not spin inverted when the rudders were set
with the spin (right rudder pedal forward in.an inverted spin to the
pilot’s right); whereas it did spin erect. Model 4, however, would spin
inverted, when the rudders were set against the spin (data not presented).

Model 5 would spin inverted for most control configurations; recovery
by rudder reversal was, however, satisfactory. These results are somewhat
better than those obtained erect, probably because more vertical fin and
rudder ares,were unshielded in the inverted spin than in the erect spin.

Model 6 would spin inverted only with ailerons and rudder with the
spin. Satisfactory recoveries were obtained by neutralizing all of the
controls.

Model 7 would spin inverted for a loading confition for which it would
not spin erect. The model spun inverted, however, only when the ailerons
were against the spin and the stick was neutral or forwqrd longitudinally,
The rudder of this model was above the wing and shielded in erect spins,
whereas it was relatively unshielded in inverted spins. Thus for this

J

.

.
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design it appears that in an erect attitude the rudder which was shielded
did not supply sufficient pro-spin yawing moment to cause the model to.
rotate; whereas in an inverted attitude the pro-spin yawing moment of
the unshielded rudder was apparently sufficient to cause the model to
spin. Satisfactory recovery by rapid rudder reversal was obtained and
it appears that, on a corresponding airplane, neutralization of the stick
laterally and longitudinally also would be desirable. -

Model 8 would generally not spin inverted but tended to become erect
and, as in the case of erect spins, tended to remain at a flat erect
attitude. The vertical fin and rudder of this,design, which had a
relatively large aspect ratio and was mounted well above the fuselage
center line, was unshielded in the inverted attitudes and may have
contributed a rolling moment which caused the model to roll “erectfollowing
launching into the tunnel inverted.

Model 10 had inverted spins which were similar to the erect spins,
recoveries from which were unsatisfactory.

Models 11 and 12 would”sfiininverted generally when the ailerons were
neutral or with the spin. Reversal of the rudder caused the spinning

.
.

a

rotation to stop
inverted stalled
settings. Model
the elevator was
attitude. These

The results

quickly for both models. Model 11 reniainedin an
attitude after the rotation-had ceased, for all elevator
12, however, dived into a normal flight attitude when
set to cause a nose-down pitching moment from the inverted
results are similar to those for erect spins.

of the inverted spin tests of the various models are
in general accord with inverted sp~,nand recovery results for conventional
designs as indicated in reference 11, in that rearward movement of the
stick, and ”aileron~againstsettings generally tended to be beneficial.

Spin-Recovery Parachutes

The results of investigations made to determine the effect of spin-
recovery parachutes were available for.six of the models. The results
(chart 14) indicate that, in general, parachutes attached to the outer m
wing tip in a spin (left wing in a right spin) will generally cause
satisfactory spin recovery by parachute action alone for emergency
purposes. The primary disadvantage of wing-tip spin-recovery parachutes
is the danger of opening the parachute on the inboard wing tip (right tip
in a right spin) rather than the outboard wing tip. Under such circum-
stances, the spin may be flattened and recovery made impossible. The
results of tests for conventional designs (reference 12) and for one model

. reported herein indicated that use of parachutes on both wing tips when
opened simultaneously required parachutes of approximately twice the
diameter of a single wing-tip parachute used only on the outer wing tip.

.
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Opening two parachutes simultaneouslyhas the advantage of eliminating
the danger of opening the wrong wing-tip parachute. The experimental
results indicated tlmt a towline length equal to approximately the
semispan of the wing should be used,

Model 8 was tested only with a parachute attached to the tail cone
for which satisfactory recoveries were obtained. On model 10 a single
wing-tip parachute, required for satisfactoryrecovery, was excessively
large but satisfactory recoveries were obtained by simultaneously
opening moderate sized tail and wing-tip parachutes. The tail parachute
was mounted on the srresting gear mast shown in figure 8.

Reference 12 presents a method whereby the size wing-tip parachute
required for satisfactory spin recovery may be calculated. As”is indicated
in reference 12, calculationsby this method correlate satisfactorilywith
experimental data for flying-wing-type configurations.

CONCLUSIONS

Based on the spin and recovery characteristics of models of 12
flying-wing and unconventional-type designs investigated in the Langley
15-foot free-spinning tunnel and the Langley 20-foot free-spinning
tunnel, the following conclusions are made.

.
.

●

1. The effect of aileron and elevator control settings on spin and
recovery characteristicswas generally dependent upon mass distribution
in the same manner as for conventional configurations: that is, for mass
distributed chiefly along the fuselage, aileron-with and elevator-up
settings were conducive of the best recovery, whereas elevator-down and
aileron-against settings were conducive of the slowest recovery; for mass
distributed chiefly along the wings, the converse was true. The influence
of mass distribution on the effect of directional controls was dependent
not only on the yawing moment pfoduced but also on the accompanying
rolling moment if the rolling moment was appreciable.

2. Recovery from inverted spins generally was obtained.as readily as
from erect spins. It appears that the most rapid recoveries from inverted
spins would have been obtained by movement of the stick back longitudinally
and against the spin laterally and of the rudder against the spin,

3. A single wing-tip parachute on the outer wing tip in a spin
generally was an effective spin-recoverydevice for emergency recovery
of unconventional and.flying-wing-typedesigns.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics

Langley Field,Va. + ~- ,;%

.
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TABLE II.- MASS cSARACT2RISTICSOF MODELS TESTED

~odel values em presentedin terms of full-scalevahes]

17

Center-Of- Relative
gravity airplane Moments of inertia

(slug-feet2)
Mass parameters

location density, w

L“’ai~ ‘;;::
Sea Teat Ix - Iy Iy - Iz Iz - Ix

R-ks

x/c z/E Ix Iy
level altitude 5 — — —nb2 ~b2 nb2

*
.

.

Model 1

A lo,lgk 0.128 -0.00310.5912.62 9,3136,83415>63548x10-4-169X10-4121 x 10-4 ~:;:w P&&u

B 10,194 .128 -.003 10.59 12.62 ‘1,264 6,834 13,586 8 -129 121 Do.

c“ - 1.0,194 .128 -.003 10.59 12.62 11,8286,83418,15096 -217 121 Do.
D lo,19k.128-.00310.5912.62” 9,3135,60414,4057’1 -169 98 Do.
E 10,194.128-.00310,5912.62 9,3139,22618,02T2 -169 167 DO.
F 10,194.lea-,M310.5912.62 9,3136,83415,63548 -169 121 DO.
G 10,194.0T8-.00310.5912.62 9,3136,83415,63548 -169 121 DO.

E 9,755.179-.02310.1412.01 8,41712,41720,667-8o .165 24s LOad.lngprimarily
along fwelage

Model 2

A 6,526 0.290 -0.040 2.91 4.62 19,138 2,274 21,298 231x 10=4 -260 x 10-4 29 x 10-4 ‘ding ~-ily

B

along tinge

6,526 .290 -.040 2.91 4.62 22,951 2,274 25,111 283 . -312 29 Do.

c 6,526 .290 -.040 2.91 4.62 19,138 1,999 21,023 235 -261 26 DO.

D 6,768 .290 -.040 3.01 4.78 19,132 2,967 21,997 214 .251 37 Do.

E 6,694 .240 -.040 r 2.98 4.73 19,132 2,679 21,709 ’221 -254 33 DO.

F 6.675 .320 -.040 2.96 4.71 19,132 2,o59 21,089 229 -255 26 Do.

G 6,538 .350 .,04.!3 2.91 4.62 19,132 1,729 20,758 238 -260 22 Do.

H 6,914 ,250 -.040 3.08 4.89 19,131 2,919 ‘21,949 210 -246 36 Do.

Model 3

A 155,0ao 0.275 -0.014 2.93 5.50 3,38&oo 433,500 3,769,000 207 X 10-4 -234 X 10-k 27 x 10-4 ~:y$ :?

B 155.000 .275 -.014 2.93 5.50 3.380.wo 563,550 3,899,0% 198 -234 36 Do.

33,5cn 3,769,1xI0 ‘w# . -234 27 Do.

D 155,0C0 .391 -.014 2.93 5.50 3,3s0,000 433,5ca 3,769,000 207 -234 27 Do.

E 155,000 .200 -.014 2.93 5.50 3,380,000 433,500 3,769,mo 207 -234 27 DO.

I c 1155,0COI .3331 -.014\ 2.93t 5.30 13,380, c12014

Model 4

A 4,642 0.251 0.049 5.29 8.42 6,o74 1,030 7,102 23o X 10-4 -280 X 10-4 50 x 10-~ ~:~~ g&yi4

B 4,6& .383 .049 5.29 8.42 6,o74 1,030 7,102 230 -280 50 DO.

c 4.642 .184 .049 5.29 8.42 6,0?4 1,030 7,102 230 -280 50 Do.. .- .
J

D 13,291 .268 .011 15.18 24.14 19,151 1,925 20,902 270 -297 27 DO.

E 9,000 .268 .011 10.29 16.36 9,590 1,520 11,120 189 -226 37 Do.

Model 5

I A 14,517 0.167 o.c04 9.89 15.72 13,250 22,943 35,021 -144 x 10-4 -179 x 10-4 323 x 1o-4 ~adi~ ~*ily
along fuselage

, I
B I 14,4851 .2401 .0031 9.871 15.68 I 13,3381 23,6181 35,9941-153 I -184 I 337 Do.

c 14,485 .163 .003 9,87 15.68 l?. mfll 17. UOI 29.8251 -61 ] -18k 1245 I Do.—.,--- —,> - —.,-—- –— I I—. I
,,-.-, L I

I rl”ue. v I

*
. .

A 6,815 0.199 0.035 ~6 .59 23.36 3,910 2,749 6,534 76x 10-4 -249 X 10-4 173 x 10-4 ‘:fl: :~u

B 6,260 .178 .038 15,23 24.21 3,050 2,694 5,616 25 -208 183 Do.

c 5,820 .159 .041 14.18 22.54 2,36i 2,640 4,821 -22 -168 1$0
Loadingprtiily
alonu fuaekze

I D I 6,8151 .1991 .035] 16.591 23.36 I 2,3811 3,7871 6,0411 -92 1-148 1240 I DO I
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TABIE II.. l.!kSSCSAR4CTSSISTICSOF MODHS l!2STED. Concluded

[

LLoadlIM
Center-of. Relative
gravity

Mnments of imrtiaairplane
(slug-feet2) Mass pameters

weightlocationdewltyjII
(lbs) RewkO

@ dz Sea Test % % 3 y. ~.r~ ‘
Levellatitude Y T

Mcdel 7 I—.
i

A u,648 o.24fl 0.014 13.80 21.93 3,989 27,619 29,5!Tf -754 x 10-h -62 x 10-4 816 x 10-4 yo: P&y&y

B 11,598 .241 .002 18.1o 28.79 4,713 27,078 30,56Q -1192 -1.% 1378 DO.

Model 8

A 3,846 0.140 -0.0% 2.61 4.13 5,08b J+,369 9,%5 21 x 10-k :1# x ld 123 x lG-4 L-&~ yy4

B 3,!W .~ -.035 2.38 3.79 4,789 4,275 9,096 16 -152 136 DO.

c 3,850 .lti -.052 2.65 4.2o 4,060 k,3@ 8,340 -9 -1.15 1.24
L08dtrg primr14

along fuaekge

D 4,004 .140 -.052 2.71 4.30 5,941 4,369 10,222 43 -I.& U8
Lrnding Primri4
81ouS wings

E 3,646 .193 -.C52 2.61 4.13 5,084 3,844 8,840 36 -144 108 DO.

F 3,846 .09u -.052 2.61 4.13 5,o84 4;864 9,86o 6 .144 138 Do.

G 7,8&5 .140 -.010 5.35 8.51 5,664 4,T38 10,204 13 -77 6b Do.

E 7,547 .120 -.0s3 5.11 8.13 5,384 4,655 9,930 10 -77 67 Do.

I ‘(,886 .090 -.OI.O 5.35 8.51 5,664 5,738 11,203 -1 -77 78

Model 9

h 4,615 0.225 0.006 6.05 8.19 8,090 4,915 L2,’@a 405 x I-G-4 .IOU6 X 10-4 ml x 10-4 “~:y ~y~~

B Y,28T .225 .006 6.92 9.36 10,193 4,915 14,883 590 .LL15 525 Do.

c 4,615 .225 .006 6.05 8.19 4,=6 5,750 9,651 -2t)8 -m 708
Londiw p?-i~

along fuselage

D 4,615 .250 .026 6.05 8.19 4,u6 5,750 9,651 -2o8 -w 708 Da.

E 4,615 .200 .c06 6.05 8.19 4,u6 5,75a 9,651 -208 -m 708 Do.

F 6,283 .225 .(J26 8.24 u.16 8,053 4,765 12,o56 309 -686 377
Londins @marUy

Slor!g wings

G 6,g4T .225 . c66 9.09 12.30 Lo, 122 k,765 14,243 454 -807 351 DO.

E 7,320 .225 .006 9.58 12.96 8,053 10,578 17,527 -s04 -563 767
Leading primrily

alom fuael.em

Model -lo

k 16,850 0.263 0.CX35 22.1 35.1 8,296 15,367 33,703 103 x lG-4 -646 X 10-4543 X 10-49:$ ~~il’

Model 11

A 3,241 O.lm 0.I.82 6.07 8.22 1,409 4,062 5,041 -197 x 10-4 -v x 10-4 269 x 10-h :g: p&y&’y

B 3,241 ..UO .182 6.07 8.22 1,973 4,o62 5,605 -155 -114 269 DO.

c 3,241 .120 .182 6.07 8.22 1,409 3,453 4,432 -151 -73 224 Pe.

D 3,241 .lm .182 6.07 8.22 1, m 5,687’ 6,666 -317 -72 389 DO.

E 3,241 .220 .I.82 6.07 8.22 l\409 4,062 5,041 -197 -72 269 Do.

F 3,241 .070 .I.82 6.07 8.22 1,409 4,062 5,041 -lg -72 269 Do.

G 3,241. W.08 .$82 6.07 8.22 1,409 4,0& 5,041 -In -72 269 DO.

E 3,241 n.~ .182 6.07 8.22 1,409 4,0@ 5,041 -197 -’P 269 Da.

Model u

A 7,717 0.118 -0.019 u.52 15.61 4,)20 L0,896 14>712 -168 x lt+ -* x 10-4 263 x L@ ~o~ p~y~:

B 7,906 .099 -.008 IJ..8O 15.99 6,592 11,916 17,184 -114 -1~ 230 Do.

c 7,85L .109 -.008 lL.72 L5.88 5,657 8 ,’IIT 14,270 -68 -K3 191 Do.

D 7,811 .048 -.OI.2 11.66 15..80 5,063 12,672 17,718 -186 -u?k 310 DO.

E 7,835 .202 -.016 11 .7g 15.84 4,542 9,86o 14,255 -130 -lcq 237

%rmrd of leadingedge of M.A.C.
G

3

*. _

.
.

.--

.

,.. . . . .
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TABIa111.-MODIFICATIONS!C2mm ClVMODE12

Modif ica-
Modlficationmadeto

I
Effecton spin Mcdifica- Deta

tion
andrecmery tionshownpresented

wing Wing-tiprudders Verticalfln OtherWt cbaracteristics In figure in Chart

Model1

A --------------
1

Splitrudder ---------------------------------------- Detrimental I 5( C.) 1

Model2 .

A Equivalentpropeller..------------------:----------------------------------
fin-ea added

Slightlydetrimental 5(b) 2

B 20.percent
semispanslats-“--------------------------------------

-------------------- ietrimentel 5(b) 2

c 35-wrcent
semiapm slats-----------------------------------------------”------------------”----

-do-------- 5(b) “2

D ------------------:---------------- Eorizontalarea -------------------- Ineffective 5(b) 2

I Model 4 I

I A I%%%dm l--------------------: l------------------- I-----------’-------- I ‘light~ ‘eti-ntd I 5(C) I k I

I B 12%xaatsl--------------------- l-------:------------ l-------------------- I l~ffective I 5(’=) I 4 I

●1 -c l’::=:,ktBl --------------------- p------------ I -------------------
1

Detri~ut~ I 5(c) I k \

I 25-Percent
D“ Semmpaneux- -------------------------------------------------------------I Slight* detrim.entti

ilie.ryairfoil I 5(C) I 4 I

.
.

E 25-wrcent
semiapanslats---------------------Vertfcalfinsrewed --------------------- Detr~ntal 5(c) 4

25-Percent Surfacemademovable
,F nemiswndata Neutral i aft of n-percent- -------------------- Beneficial 5(C) 4

ciwrdline

25-percent
Surfac mademovable

G Neutral aft0? 50-percent-
Sedspan slats chordlineplus

--------------------Verybeneficial 5(c) 4
area A

. I 25-Prcent
Neutral;

J

Surfacemademovable
E AreaB addedto aftof 50-percent-1--------------------1’Beneficial

aetispann~ts ~aiI.i~.sdseOf ti I 5(c) I 4
chordline I

.

.

.

I 25-Psrcent AreaC added,&aubling
Bemiswn slats chordof rudders

.--------....----- -------------------Scmewintbeneficial 5(c) II

25-percent AreaC addedand
J ~eti~wn~kt~ hingelinemovedto ------------------ -------------------- Beneficial 5(c) k

trailing edgeof wing

AreaD addedand
K 25-2ercent bf~e lfndmoved to ----------------- --------------------Verybeneficial 5(c) k

semispsnslats tiai~~ edgeof *ng

Flus!mveaoutboard,
L AresF added Neutral areaE added,surface-------------------- Beneficial 5(c) 4

made movableaft of

50-percent-chOr~line

rim mcvedoutboard;
LE added;=ea G ------------------- Bem?ficial 5(C) Not

1as rud&rs Wesented

Model 5

A 55.lkpercent
semispanslata-----------------<--------------=--:----

-.-------.-.-----7..Slightlydetrimental l(e) 5

Mcdel 6
Single verticaltall Ineffectiveforloading

A ----------------------------------movedre-d --------------------A, beneficialfor
. 1.7 inches

5(’5.) 6
10adins D

Dualverticaltallm Iru?ffectiveforloading
B .............- --------------------addedwithsametail .-------------------

volumeas original
A, ineffectivefor 5(d) “6
loadi~ D

singleverticaltail

Dualverticaltails

c movedrearward Ineffectiveforloadins
----------------------------------

1.0inchto havemm?
.--.----3-----------A, beneficialfor 5(a) 6

tail volume 50 mod.A loadi~ D

Mcdel 7

A
Wingfillets
added

.------------------------------------- --------------------- Detrfment81 l(g) 7

B ---------------------------------Imalverticaltails --------------------- Ineffective l(g) 7

c
Largedualvertical----------------:---------------- Senericial 5(e) Not
tails

--------------------
presented

4

TV
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I
M0diric8 ‘ ModificationJmaeto Effecton spin s4cdirica- Dmti

tion wing
d recovery

wily -tip rudders
tson mown premcted

Ve??tim.1.fin Othergart ckracteristlcn in figure in chut

mm a
A Spoiiem -----------------------.-—-----.-----.--- ------------------- Slightly bec-sfick.l 5(f) 8

B Imcreane
dihedral ta a~ ‘-------------------- ---------------------- ----------— ------

Imffective .......... 8

c . . . . . . . . . . . . . . . ---------------------- Moveare-a ::a==”’-l -i= %%~+~+ *W 5(s) not
presented

Mcdella. ...—
A ..............- -------------------- Ventrd fin 1 --------------------- Irteffective 5(s) Hot

Fenented

B ------------------------------------ Ventralfin2 &------------------------------ ........- 5(s) Do.

c --------------- ----------------------- Vertlcalfin1 ------------------------------&--------- 5(s) Do.

D -------------------------------------I Verticalfin2 ---------------------.---.-----do -------- 5(II) 50.

E --------------- --------------------- Vertical fin 3 1---------------------l---.-.-----do--------- 5(d [ Do.-1

r --------------- --------------------- vertic81fin4 ! da--------------------------------......... 5(s) 00.
G --------------.---------------------verticalfin5 do..........-—------- -----------........- 5(5) Do.
n ----------------.---------...-—----- Verticalfin6 --------------------.....-----do--------- 5(LI} Do,

I Spoiler1 ----------------------verticalfin2 ----------------------.---.. ----do --------- $(s) Do.

J Spoiler2 ----------------------............. . . .... ----------------------.--------.aO--------- 5(s) DO.

K Spoiler3 ----------------------.------------------------.---—--------..........-aO--------- S(g) Do:

L Lonzittiinul
+-n.c,1

..-...-----.-...-.-—- -...-— -------------------------------- &-----------........ 5(I4 Do.

J

.. ....

....

M
Lowitudiml
fence.a1 mid 2 ------------------------------------------------------------------.-----so-------- 5(s$) Da,

N Lmaitudillal
fencen1 md2 ----------------------

Verticalfin 5 ---------------—- ----------do--------- !xg) Do.

0 EleYonfmoilerm----------------------Verticalfin5 -----------------------------.-a=-.-.---> s(~) Da.

.
.

~ , ,s10&a:i6vcm,,- ---------------------l----------------------1------------------l---------------------l~(if~I ‘o. I
Q glottedekvon; --.....------...--—-------------------------------------------------- --------&

Uhta 2
5(s) no.

R
Vertical fin 7;--------------- . --------------------

SOrmal tin 1 -----------------------------”-m
--------- 5(s) DO.

I g 1--- -----------l-------------------1‘2%75> l------------------l--------~~---------l Sk) I ~. I

I 1! -------------- ....-.-----...-——--- --------------------- Supplantsry tail1 Veryaligb.tlr
temficial

5(a) Do.

u I Swkr5 l-..-----... ----------- l---...----.. --.--.---I -.--------------- l--.-...----&---------l 5(ld Do.
Q Spoikr 6 -----.-.-- — ------------------------------.-— ------------------------ --------- 5(61 Do.

w Spoiler 7 ---------------------- t-------------------- ------------------- —--------W--------- 5(IJ) Do,

x Smikr 7 ...-------------------I Verticalfin2 ..----------------------------60...----- 5(%) Do.

r --------------- --------------------- -------------------- supplementary&A12 S.x.%ficial 5(s) Do.

z Spoikr b --------------------------------------------------------------------..----40--------- S(td Da.

Vertical fin~; rear-

A’ -------------- --------------------- ma Ption movable --------------------------.-.-do--------- 5(E) m.
m rudder

I S4del11

IL Ailerono
*ao*a220 ------------------------------------------k---------———-

Ineffective ---------- 11

Aileronchard
d Wea dcu-

B
SlightLybe= ficial

ble;ailerons ------------------------------------------------------------in improvingtrim --------- U

Srmxd 22° Corditban

c Fin A ---------------------- --------------------- -------------------- Inefrective 5(h) 11

Slightlybcmeficial
D Fin B --------------------------------------------------------------in improvingtrim 5(h) 11

COdition

E Spoikra ---------------------------------------------------------- Im?ffectlve !$(h) xi

F FiM atiruddermoved
---------------ta vi% tip

---------------------.... . ....... .....- Ineffectlre s(h) u

0 ..............- ---------------------........... ...... ... Finc Ine.ffectire s(b) u

x ..............-----------------------.--..-— -----------
.-.—

Fi;D Imffective 5(h)

‘A+

.

.-

.

*.
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CNAST1,-SPINDATAOBTA.INEONITH~= 1

[Was. otherwiseindim.ti,steady-~ dataam forruddem-withspti ofthe.0681b thecleancondition
andrecoveriesnnreattazptodbyrapidfullrudderreversal,riehterectsptis~

LoadingD ti~ LoadingF

Ailerons Against Neutral with Against Neutral With A@nst N.utral With

u N D u N D u N D u N D u N D u H D u N D u N D u N D
Zlevators

(c) (c)(b) (b)

“a,deg’ 8k St! “80 53 -- Ito 73 83 62 — 73 82 n - - “- 83 59 7L 67 80 59 --

b. deE N N 10 0 N N m?In 5D . ma o 0 2D -— 0 8D ,- ,- ,-- ,m, ,., ,,D 3D 2D 2D 7D --

N u ND
(:) (c) (c. .I I.“,,, ”,, 1 1 I I I I I I

81 I-1-- -- \ 67 — I ‘/1 I--J -
6D 1--- 1- I m 1-1-- ; ---1 ~ : : –--l MJl—l–

b% comditiawp.mible.
zlodel0SC@t#X7 k Wzh. =s=

@ap ap2n,lAghrateofdescent.
$:YPw9:pf#.

staeprapidspinaftsrrudderreversal.
Maodertngspti.

.
.
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_ 2.-SPIHMTA OBMUJD lUm M3D2L2

bcmm otherwln.lnfkated,atedy.spindatnam forrud&fiwithsplmofthe~el inclean
conditionandrecckverlenwereattsmptedbyia+pi~fullrudderreversal;risk ●ract.piniJ

wti A tiiug A
redderCC%tIQtin~ti~

Aileron!J
Against with
mu l/2 31eutrsl 1[!?I rllll A#mt -....—-. ...-

Elemat.ma“
:a)(b) (:) = n n

u ,n D,u,&g -- -- ; ~ : g g ;
~,dea -- - . . . s . n

R, me -- 0.21 P : ; ; : ;

~, ma -- =3 ; n n n ,n n

m-

lll_jlllllulllllllHl
...*:; ‘.

1

kml~ A
rudder ccmtml. sgninstthe OPin *B LmUn2 c

AIhtIII# A@nst Reutrnl I with Agshut neutral with. A@mt mutrsl with

Ailei-ms -t melrkal with A@nat rkutml via A.#mt Ueutml ~ with
I I

‘kvatira & (:) (:)::) (%(:) (:) 1=& (d (:1 m D (:) (% n (:) (% (:) (’3 E D (:)

=, N - WUk42,ka : %bl51,U 63,53~,42 19,40 36,22 n : 43,33 38,U H 49,41}3,35 pa

30,1110 -20 2U 0 lU b,?Al,’inPJ,tinr,6D .U,7JJI?@ 2n 12U,2D m

% mm ❑ 0.230.26 0.26 0.27 0.27 0.33 I a 0.27

197 -

(31:)1(31(%1(%1

II Imding h - i?d.iricdiorlB I I.asdiwA- uC&fiu&iaac I bai~ A. wdifiutiomD
I

-

.
.

.
.

.

.
.

.
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c2ART 3.- sP?.NDATAOSTAIF3ZIWHSMODEL3

k 1 \.”11 t-l 1 1 \-/ I , , , $.,,>-—.
. _ —. --- ?6 26I 25I I I.- — 1 441

~~ I I I I I 1 1 I ! 1 ! 1 I I I

LaadiuA, slotsOPSU, rudders
asainntnpia kdins A, nlotsOPSn LxdfnsB,ruddersagainstspin ~B

Ailerons Av3instUeutral vi% A2aiMt Xeutrti with AgainstIfeut.rti with &aiMt IWutrti with

F1
v,rp

mrns
for

recovery

H
Elevators

% &s
g, dq

I-i,m

.
.

.
. Elevatorsu E rlu H D u x D u H D u E D u x D u x

% W I I I [ 471 36[ 34 I I 53 I 3kt .25 6!J 4Q I 35 I

L I I I I I I I i I I I I 1 ! I 1 I 1 1

I-dins~
XuAderaagds,stB*

Lm6ill&E I.aadinsA, pitchflap 6eflected
dovn15°,ru6dersagainstspin

Ailerons AgainstI Xeutml “with -t Heutrsl with A@Mt Neutral Wf.tb

blllilliltillillilliUXDUXD.Uil DU RD, .U.XD.U. IIDU

M
RDux D ulf D

(d)

--- 25

nnxlf!l -- Dn
ooob o---.26 0

ESBSS
-- 360.

:PPPP P
ii ii i

nnnnn ... ----n I
UN

Rx
00

Ss
PP
ii
nn1

mlrn9 : : ,1 i ~
for ---n n .. n n --n n n n n-. nn--nnn

i-e emery Iltlll

%arge rcdiuosciuatayspin,avmrngeveluengiven.
%-IS npi.
‘SteepwanderingBpin.
%Sciuatoryinpitch.
%.WW attmptedbymrLnsrwldertofu.Uwiththespin.

‘Vmml obaemation.
%teepspin.
‘RecoYMYattempbedbyzmlns rudder ta ruU against the spin.

%mSmtory spin.

ticcsaic.nallyomillr.tedoutofspin.

.

.
.
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CHART 3.- SPIn DATA OmAIFxD W.m mm 3-cOIKwJom

1 @ldeg !----J!I!I!I!!I!

[ v, mm !----I:I:I:I:I:ML

I I t I I I I I 1 1 4

oration I cloni.t,”mddera-wdmt mph

neutral with A@Mt Heutrd with

kmdi~ A,lmdi~ cacd.ition, Lc?adinaA, Lldira 1 I
rudders agaimt SK4U

kadinu A. IX*U edition,nlOts

Ailerons
-St neutral with Agskk

Elevakua u
! u E D u
(:) (3 u (3 (:)

a, deg 27 --- 35 31 = Z6 47 2-8 33

#, deg m --- 6D 4D m U 9 U 20 g
n,Z.-m 0.13 --- 0.16 0.15 0.17 O.la 0.s1 O.m 0.21 ~

Y, rps 3% 383 3~ m 3@ m 276 ] 32Q 329 p
i

Tlums n
for . . . . . . . ---- ---- ---- ---- ---- ---- ----

recavery

WI% A, lsrdinsCOBditiOn,
slotsC1OWM

+, mdiueo,:illmarJmph, average,S2u?a@Ye.. -

-.

..—

—
—
—

.

.

.
.

.
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CRARTi.-SPISDA!%OBTAINEDNITEMODELk

[Unlessotherwiseirkiicated,thesteady-spin”dataareforrudder-withspinsof t,hemodelin theclean
conditionwith split traili~g-edgeruddersinstalledandrmised elevc.n&flect~Onn,ati recover~eB
were attemptedby rapidfullrudderreversti,righterectspins].

LoadingA, circular-arctyperuddersinstalled,originalelevendeflections

J
Rudder ‘ with Neutral

Again8t with
Ailerons Full

Neutral
lf2 1/2 Full

Against Neutral with

1/2 ~ ~Elevators u .N D ~
1/2 “ 1/2

(:) u u (:) D u N D u N D (:) N D

a, des N N N R N N 37 34 33 34 N N N N s ~ N 25 ~ N

j, deg 0 0 0 0 : ; lU m lU 2U “ 0 0 0 : 0 0 0 0 0
s B B B

Q, rps P
s s B s e e s

P P P P P 0.67 P P P P P P P 0.69 : ;

v, fps : ; ; ; >1$0 ; ; 196 l&‘ 194 leo : ; ; : ~ : ; 214 ; :

?-urnsfor c+
C3$ cd% ‘7; c? cd4 w cdb C7 C5 Pcd4 ~ C5 cdb

recovery
Clo cd8

n

Lo8dinsA, circular-tictyperudders
installed,original●levendeflections

Iaadirg A, circular-erctyperuddereinstalled,original
elevendeflection,modificationA

Rudder Agafnst with

Ailerons Agaimt iieutral with Against Neutral

Elevators u N D
(:) N D (:) lJ D u N D u ‘{ D

a, deg N i! N N N 30 N N N N N“ 42 45 N

@, deg 0 0 0 0 0 D 0 0 0 0 0 2U lu 0

Q, ma s s ;
s B

: P P P
0.711 ; ; ; ; ; 0.63 0.62 ;

v, fps
i i

>249 : i 208 i i i i ; i~l 166. in n n n
I

Turns for
‘b ‘3 =%; C5 cd5 %2 %+ %0 %2 =’%5 >6

r

13 cdll
recovery -z-%

(:) N D (5 N (3 N D

51 46 N N 33 N E
0 0

0 0 ID 0 0

O.lsb 0.61 ; 0.62 B s
; P P

1% la : 231 ; 196 ; ;

1 3 Cal& ‘7 C6 cdl
%- 3

I k.dins A

Rudder I with I Against I
Ailerons Against Neutral With Against Neutral with

.,

Elevators u N D u N D u N D
(:) N D (:) N D (:) N D

% des N N N N N N N N N 20 N N 26 N N 31 N N

$, deg ‘ 0 0 0 0 0 0 0 0 0 3D 0 0 3D “ 0 2D “ 0

~, ma s B ‘. 8 s o B ,s s 0.53 ; B
P P P

0,45
P ~

0.51 B B

i
P P

i
P P

i i
P ; ;

v> f-m i
; P

i i i 208 i i 199 : i
n n n n n ~wn n n n n n n

lhrnsfor cl
‘7 c% ‘8 CIO =67 Cti cd6

%
=11 “8 cd6

recovew ‘7 cd5 C16 cd8

II LoadingA, modificationB
I

al?
I Ailerons Against

Elevators u ND

a, des N N
N

$,deg ~ ~ 0
6

fi>.~s P PP
. -- i i i

with I

Neutral
I

With
I

Against

u N D u N D u N D

N N N !$0 N’ N n N N
0 0 0 0 0 0 0 0

lu
s s 8
P 0..$6 ; ; ; s :? P
i i i ?
n n n 163 : ; : = ;

Clo ‘C* cd7 >7 c13 cdm C9 C5 cd4

=Lnrgeradiusspin;madelmayeventuallyrecover.

bWendertigspin;slightlyoscilkto~ inpitch.
wUIUberof turnsrequiredformodelto stopspltmingtiterbeinglaunchedwithinitialspin r-station.
~ter reco.re~,modelgoesinverted.
●o6cm8t0W I’D.pitch.

Neutral with

u N D u ‘N D

N N N w N N
o 0 0 0 0

2D
s B s s
P P P 0.?2
i i i

P :

n n n 1s2 ;’ ;

=7 ‘8 cd+ Clo C,d6
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NACA RM L50L2g

LoadingA, modification C

I

Rudder with Again.ut
# 1 I 1

I I A~*tAilerons iveutral I Hitb I .igaimi neutral I uLth

Ic@.dingA, modificationD

Rwdder with ! Against
, I

Turns for
recoverq ’12 ’18 cd18 C15 C7

II
Loading B, circular-arcme ruddersinstalled,

I
Lc.ad.hgC, circular-arc type rudders installed,

origicd elevendeflections origid elevcmdeflections
1 1

Rudder with with

Ailerorm Agaillnt 1 lfeutmal with A@nst fJeutril with
I

=ki
Elevators

(% ~

C+ deg 38 N

$+,deg :

~, ma 0.23 p

v, fwa 197 :

w

1 .-, 1 .-, , .-. 1 f 1 1 ! 1 1 1 1

!192 47[391E~II~UlF(lN ~NlulU18Ia=lma‘D

n (Y) N ‘l(:)l(!,]:}t”l~tnlulNIDlu IIIID
n 4? 43 N
0

w
w

o
3U gJ 3U 0 0“ 0 0 0 0 0 0 0

a
0.45 ;

n
p 0.41 0.46 o.k5 ; ; p ; : ;

a
0.45 ; P

i
;

185 185 : 1?7
i * < i i i 1

II

I I kding A, ,mdifiatdonE

Rudder “Uiti Against

Ailerons
Against I Iieutral with Agairmt I Keutrd Him

Elevatom u

m, deg It

$, deg ;

~,m P

v, ma :

Turnsfor
recovery C20

u (:) N D “ (!) (:) u
E 69 N M ,p z ‘p s
0 0 0 t

lu
s

m lu m e
s

P Q.% P ; o.~ o.T6 0.86 ;,
i
n 155 : i 176 126 323 n

’30 “
+ ;

C22 %5 - “
‘8 n

II D (:g) u D (:) (:) D

n w 35 ~ u 46 35 n
0 0 0 0 0

3D NJ .3D
a n m
P : 0.67 ; ; 0.63 0.69 P
i
n n Z02 : ; 185 185 :

C13 c12 ’13 50 ’40

~umberof turnsrequiredfor.ocielto stopapi.ningafterbel~ la.nckdnlthinitiulspinrotation. ~
?4ftsr recovery,mcdelgoesiu.vertsd.

-w-

c08cillc.toryinpitch.
PWanderingand.xcille-toayinpitch.

%nderiug spin.
h.
mae rtiiumsPin,umdelmay ●ventuallyrecov-.
i
Wanderingspin;@lightlyoscillatoryin pitchandroll;rangeof valuesgiven.
JVisualestimate,
k
OscillataWin mll.

.
.

, .—
.

—.-

.
.
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CSAN’24.- SPIN DATA OZiTHN2DWITS I$3DXL4-cOliiIttUZD

mdinsD, modiflcatiOnB

Rudder aitb Against

Ailerons
Against Neutral with Agafmt Neutral witi

I I I I I 1

D u N D
(;) i) D

N s s s B
0 t t t t

e e e e
a e e ~ e
P
i

P P P P

n ~ , #
297 2?8 ;m P D

i i i s i
C13 n n n n

Q16 q~ ‘Q17

10’, d.eEIUJIN!I

‘ITTTTTKFL.lJh0.% 0.98 0.92 0.71 , .

t, ~es %73 95 $
1 -, , ,. # I ,-, --0

... —

I 1 1 .- 1

L TJs 0.91 1.16 J

v, fm 246 231 231 246 231 234 263 25Q 2J40 - ❑

Turns for 8 8 6 i

recovery >10
>1314 “m C14 n>15 11 >15 >7 >6

1 LeadingD,modificationD LodinK D, lMdifiC8tiOUF

300 Wit,h

Agaimt Neutral With

u ~ D
(;) H D (:) N D

n N N s N s
0 0 0 t 0 t

e e
B s s e e
P P P ;
i i

P * P

n n : 328 , n 272 341 ~

dk P P
C18 ’18 15 ~ &20 %+ i

5; ;5

Rudder With Against

Ailerons
Against Neutral with Against Neu. With

tra.1

Elevators “ N D ~ ii ~ u ND IJ N u u

a,deg n N ii 8 s N s
0 0 0 t t o t t

#, deg , , , : e e :

n, VB
e # e

P P P p P ; P I
v,fps : : ; ~ * n ~ ~

P ; c P 1
Tin-mfor C23 C25 ’30 i 20 i ~
recovezq

{7 ‘% n s Illz
NS s s s
0’6 t t t

eeee
Seeee
‘PP P P P

nBm#a

P P P P

’23 i 1 i %
9n

‘m ‘Jo <6 ~;

laadi~D,!nsdificati.xlGI I Laadins,, modirlcatiqnF
.
.

y,o “~~~ 300AgsirstRudder Against

Ailerons ARainst I Neutral with ninst I Neutral With Agatist iieutral With

,,

IIT!
N~uND

SISSSN
totto
eee

6=B
;~p ;;

n n

P PP
i i i cdu
n cdlo n n

%2 ‘%5 Q15

NtDlulKIDl&lN\DlulN ‘l”l NIDl#)\” NtD

. .
I

. .
n n n n 354 309 ; i ; n 341 i

?5
‘8 CdlZaorClo cd15 % Cg C8 cd8 %2 ‘d12 %5 cd8

~o;lb
,.

LosdiraD,modificationE I
I.oadinKD,Wdificati.anI

Rudder With Agsinat !41-, Agatist

Aileroca Agaimt Neutral with Against Neutral With Neutral with New With
tral

,. I , t t I 1 1

;lololtp~tp]n

I +32 1 1 1 , , , , 1 .-. , I

’18 ‘so ’18 ’25 ’30 %4 “8
. . . . . ..J

I I 1 I I I I I I I I Ill I~..

a
After recovery,mcdel goes inverted. =J&=

.
%hmber of turns rewired for m&1 to stop apinn.tngafter being launchedwith initial spin rotation. =5i

b
Flat ai!dwar.derirgsptn.

%killatary spin; re.n~eof vti”es given.

%iecovery attemptedby eleven reversal,,stickmoved frcm full back to full left and foiwra:

‘Recoveryattemptedby Bimultarwau.rudder and elewn reversal;stickmoved frcm full backtofullleftma forverd.

‘Steep,we.”derinqaPin.

%mber ofturnsbeforenwd.elstrikessafetyret.
‘Recoveryattemptedbeforemodelreachedfirnlsteerx?titude.

.

‘Steep spin.
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Cm k-SPliimm06211nsDWI~~BL4C~LUDBD

hdins D,madificationJ Imd.ingD,❑odificutianK

Rudder I Wifa I A@nst with f A@mt

Ailerons lieu.
tral I with Neutral With Neutral !dita tieutrel

1

Elevators u u N

.m
D (% w (:) N D ~

H K Ss H if
0 0 tP 0 0

ei
n . en ❑ a
P P _ P P P
i i i
n 315 : 315 n n

“Ca
2a

cd
15

Ca
12 ’12

II LaadiP&D, wing-tip rudders neutral,m&i fimticm L

D u n D (:) n

n fi H n R
0 0 0 0 0

m a B n m

; ; P P P
i i

n n n n 297 :

% “20 ’20 *LO ’14

—

cd
10

1 I

RMder 300 with I 30°Ageimat Witia I
Ailerons Against Neutral with Aq.iast Iwlt,rsl with Agaimt kltral Wltk

Hevatms n D w ~
(:) (:) (% N D (:) (;) D (:) (:) u n D u H D (;) (:g) D

Inn ! I ! n I 2821 f nn I I I ~13481 I I 2

II LOadin.SD, Lar-iiq cd.iticq mad%fi-tkm B I hdlW E, modificationB I
1 I

Budder Agtiat with Ag.iMt
I I I $ ! 1 1 k I

‘%nberof turnsrequiredformodel- atapnpinniwafterbeinslaunchedwithititialepin rotation.

ahtir rw.wy, model gcea inverted.

‘Oscillatoryinpitch.

%ndering spin.

%cillatoryspin; ranpeoftiues given.

%cove~ attemptedbyelevenre.?erm.1,stickmovedfrcmfullbackw fullleftandfo~d.
%covery attemptedby nimultanecusrudderad elevenreverm.l;stickmovedfrcmml tackto fullleft=ndfommrd.

%teep,wandering spin.
‘%b.r oftmme before❑cdelstrikennnfetynet.
%teep spin.
‘AfterlauncMu, spinPmgreaaivelySteepenn.

.-*

.-

b

—

-.. .
.

--

.,
●

.

.
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CE4RT5.- SPIN DATA OBTAINZDWIT2 NQDEL 5

[Unlessotherwiseindicated,steady-spindata me for rudder-withspins of tke model.in clean
conditionand recoverieswere +tempted by rapit full rudder reversal;right erect apin~

t 1

Lodin& A LeadingA withwingslatsextended I
Aileroxs

@tinnt
Neutral

With Agtil19t
Neutral with

Fusl 3/3 113 ?Ull Full 1/3

:U $U u ~u
“’at”” (a!(b)(C)’id)(:) (e) (e) (c.)(b)(:) ($(e) (a?(e)?.)

u u if
(cId) (:) (:) (e) (e)

$U u
(c)(h)u ~:,

1 I ,--- ,.. .. <. m 1,),
U, W ----

41 ---- ---- *L 5Y ---- ---- +J ---- ----
; ; z 47 45 % $ ; ; ; ---- ----

~, deg ---- 2
2U In 10 9 : 4D u 1P ---- ----

2 ~ ‘--- ‘--- : F ‘--- ‘--- 19.J ---- ‘--- IJJ 0 m. w

n,T ---- 0.37 0.36 0.28 ---- ---- 0.32 0.38 ---- ---- --- ---- ---- 0.32 ; 0.39 0.32 0.31 ---- ----

v,frn >250 194 191 2j6 >3f2 >294 232 230 >312 >334 250 >326 >326 209 ~ 191 2.L4

fl

232 ---- >312
s n

mums ~ :: ,; $ -.:- “+ ; ---- --- ‘: : .+ 13 ~ ‘3T ~ ~ 1+ ‘g1
for

g=? 4 1+
*1 g~recovery
z 2 2 %

LaadlI!’B I..aad.tngc

Against
Ailerons

A&dust

Full If3 Neutral With ?UJJ 1/3
NeutraL with

Elevators u ~u u N D D u ;U
(cfih)

1{ u N u N N u N
(e) (e) (C)(h) (e) (e) c)

41
% w ---- z ---- ----

x 40 39
kg --- ---: ---- ---- ---- 55 ---- ---- 49 ---- 49 ----

~,deE ---- g ---- ---- ; --- ---- ---- ---- ---- 6; ---- ---- m: ---- Lou ----
LOD

“,rp~ ---- o,~~ ---- ---- 0.27 --- ---- 0.21 ---- -—- 0.42 ---- ---- 0.40 ---- ---- ----

v,:ps > 3L2 L86 >Ka >300 238 27b >312 244 >362 >326 214 >300 >332 “ 262 >332 2% >332

*1 gl fl *1 fs~ ‘1 fi~
TUrns 1 2 i ---- % :T “G : ----for f: .

g! f! ‘i
*?

f’: fi:

% 2 ‘--- i
1 1

recovery T 7 -ii 5 T 1 ~

%teepspin. ~
bLarge ?e.d$usspin. ~

Cwanderi!qspin.

+ntil ~Bcinatory in ,On end pitch.

%% conditionspesafble.

‘Recoveryattemptedbeforerodel reachedfinel steeperattitude.

%covery attemptedby reversicgrudderto only 2/3 agtinstthe BPiII.

bscillatary spin.

‘visualeetimate.

.
.
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[UnLemi .tberd bdi.ested,.teady-.pin data ~ *r rudder-withspin.of tk mdd in ckm .mdithn
nnd recoveriea ware sttemptedby rapid full ridderrewrcml; rlg!!terectmpim.~

ke.dira& Lmdin#B
I

Ailerons
Hiti III*

l/3 I Full A@.t Neutral l/3 ) Ful

Elewatom u D u u n D

W=*

, --------

neutral

—
H

—

n
0

0
P
i
n

—

(:)
Ad

u it
—

N
0
a
P
i
.

—
42 ~g 21 12, 25

0 3D Ilr+3mql,231!
o.3a 0.42 0.69 0.78

235 22b 343 337

.

2 lf2 - % Y2

3
9 l/2~ ~lz

3 1/2 ‘b 1/2bL % 1/2
1 3/h h3

bl 1/2 1 3jbh

1

1f2

&
265

.-

N
0

a
P
i
n

s
P
1
nfor n

recovery

I I

“

.-.
.

II -w k Imdirlcu.tionA I 1.ad.iR2A, tii ricatlm B
I -.

k+
Ailerons Agminat I I

HLm
wutral Against

m
I IImtrd ] .

with

113 I

ELsvatornU

a,&g

,deg~ -1=n D

41
n .%

H
o

!l,ITS

v, fps
;

mms ~
for

0 0

s

P
i

I I I
-.M-

recc.very I I I I I I I I I I I I I I I I I

%. c.nditiom pmsible.
%cavem attswted by meutrdiz=tionof the ailerons. -=gl$c+y
%del recover.in an inverteddive.

%IOdelOsmlatmy in pitch.

Qecmry tttaq.’klby mtmllzation of tie elevc.tars.

%&covery atteaptd by .Mtnneouu reverml of rMder and el.svatora.

‘Recoveryattempte~by aim.zlatenoueneutralization of the rudder end ailemm.

%ecovew attemptedbv atitaueoua meutralizstlai+of elevetormand ailewns,

‘hcov.?ryat~ted by simultaneousreversalo? the rudderend uw-t of tileransfull againstthe nptn.
~Reec.vetyatbsmqtedbf revcreslm? the rudderf- ~ with to 2/3 h@llst ‘&4 SPi!J.
kuronrecovery,model gwa into an inverted.q.in.
‘Up. reemry, m.cdel20.s into . repin1. oppositetictian,

%cmery attemptedby simultamxwa rewersolof rudderard elevataraan3 mwerenk of aik’ons full with tbe pin.

‘R@mvery attempted by aiul tirmua =everaal of the !udderand mewment of tbe aileron.full with ths spin.

%ecovery attemptedbyaimltmmusreutnlizaticmoftheaileron!ar.dreversaloftb!rudder..
%muiercngmpim.

#&$

%c&l OSC~lht,Sinroll,pitch,ad ya”,
‘ViBU1estimte,

**%$ “’

‘Recoveryattemptedbeforemc4e1rea=heafind ❑teeperattitude.
‘gteepnpin.

~%*i@

. . ,;*~!”

.-.?

.
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*

.

.

.
.

.
,

I landingA.,modificationC I LoadingD,,medi:icationA I

8

ND u

59
N
~3D6u:

0.51
8

215 ;
P

i
n 6 l/2 :

.

—
N

—

ii
0

s

P

i
n

With .@inst
Ailerons Against Keutral

1/3
Neutral

N1
With

Full 1/3

Elevators u D u u N D u N D $ u N D u N b

a, deg 43 51 ~3 19,33 48 53 38

_QLkL :

37 47

60, 5U 0 3 2D, 14D 0, llU 2U w lU O,11o
0, rp. ~ 0.38 o.k5 0.59 O.w 0.36 0.38 0.32 0.31 0.31

v, f p. ~ 267 2k5 277 274 *5O 25a 227 ’297 >300 250 >300 X6 >30a

TU-.a i
for n

recovery

Lc%dinsD, modification3 I L.xdingD,mcdtflcationc I
Asainst

Ailerons
Asainst

Neutral
Full 113

With
Full ~13

Neutral With

25°
Elevator. u u N D + ~; ~:, N N D D u N D u N D $ u N D u N D

43a, deg N ;; 55 34 36 N 23
41 U 41 2 :

b’/
— o 0

$, &s ~ I$D
15U 20U

: : E s iD” 15D ’22D lU

n>ma P
— —

0.35 0.36 O.bo 0.45 P 0.41 0.44 0.54 0.42

v,m. ; 337 227 221 336 283 313 252 283 ; 270 395 395 >300 212 !215%K.1 >300 %00 2ba aoo SOo %Ca

T.ums =2 - - Jrb 1/b rl/2
“ ‘tl/2 “for

“Ul 311/4“l/b lIZ - - Jlf2 112 1/2 1/4 1 1/2 3/4 lp2

‘2 . . .ir 3/b ‘3 “ . .
l’eeavely 5 ‘% ‘1 ac112 314 J1/2 lle 3/k 1/4 2 llb 1 3/4

‘2 1/2 ‘4 ‘tlfi

c
Model recoversin an inverteddive.

JRecoverye.ttemptedby reversalof the rudder from full with to 2/3 againstthe spire ~
PVanderin2sPin.

‘Visualobservation.

‘RecoveryattemptedbePore mcdel reached final eltitude.
t
Steep spin.

%0. recoverywdel goes into a wide spiral.

,
.
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I

Elevator
setticg De.wriPtionof rccdel Flightpath after

landing :a& Aile.rm
priorto motionbeforecontrol

F1lshty.th afterfill atiultatio”anlll Flishtwth after
aettlzig rudderreverm.1 r“.vermlof rudder fullelevator

m’venent revered
If any m)4 elevator revered

A Nom ~w Fu.U lxtreml~ oscillatory; Made 8rm l/4 to 3/k of Made fawlul/L ta 1/2 of
sgaim$ alternaterollingmid

kde 1/k of a tusn and
8 tm’n and went lnt.a a tlumam3 vent ir,t.a vent inta@Jee9@l&

yawingmation ,tinlledglide .teepglideor dive or dive

A -dO- ._do_- lieutml Very Oscillatory,inner Made rmaaL/b to 1/2 of Made 1/4 of a turnand
win2bopped end model

Made tr.a1/4 to 1 turn
. turn mr.dvat in-a went intosteepglide & “eat lnt.asteep

Ye.neab+= spin attied glide .. lnveztedapti glideor dive

A -dc- . --do--- ?U13,WLth ExtremelyOaciuntory; Made 1/4 of a turnand MOde llb of a turnand M* *m 1/4 to 1/2 a?
titel?mte mung and went into n ,tnlled
Y=-in2 mot ion

uent into dive a tuxn end went into
glide steep@ids .. dive

A -&- Neutral Full Pitchedand rolledonto --- ...
agti,t back;ucnt intoleft

...

spin*.. lsuncheiwith
rudderngtist rotation

A -do- --do--- N*utreJ very.adlle.tory,inner Me& l/h of a ttunand .-.
wing .imappetandQodel

...
went intoa@LLcd

w~a titi8pti glide

A -&- --da--F- ull V-lth ---&--- Made 1/4 to 1 turnand ... ...
went intastalled
glide

P. -do- Dahm (I@) Full PitchedIQtaall”. . . . --- .-.
Sgain.t

i

A -dO- ---dO--- Xeutm.1 Sxtrenely.ae.lllatmy; Voat probablyhave 20., ... ...

alternateraking and .2.itsback ~-ter
mm mntions apmx. I.@ turns

A -do- —-do.-. Full with ---&--- made 1/2 of a turnand .-. ...

r-aUedcm back

A 4 3hlU up 2taUed glide --- -- ---

a%at

A A -.-dO--- Iieutral --&--- --- —- Weat intosteepdim

A A --.do--- Fuu.Irlth &--- ... --- --- vent int.a●rect spinor
im’erte’adive

A A Xeutral ?IIU ---&--- --- .-. -..

agatiat

A k .--da--- Ifeutrti ---dO--- --- ---- -—

A “1. ---do--- FIU with ‘---&--- . — ..-. ---

A A mm (lo”) ml Pitchedinbadive ... -— ---

against

A A ---dO--- Neutral lxtr~ly c.8ci31at0ry; Wti:/: tat and pitched ... ---

alternaterelliusend
YnlrfnsE9tion

A A ..-do”..-Ml with :--&.-. --- , “, — -..

A B Full up Fu31with Sia.u.cdepirslglide straightitaUed plidc ..- -.

appro%.114 tm arte.r
reversal

A B -..do..- T7eutiral ---&--- ---dc--- —. .-.

A“ B .--do--- P1.u ---do--- --&--- —- ---

again.t

A B Neutsal Full with wandering,tideradius stalledglideIi turns --- .-.
~.

afterreversal

A B --do... N4utre.1 ---&--- Stnued slide3/4 tu’n ... ...

afterrevereti

A B --d. ... FuJJ ---do--- StalJed&i& 1/2 *L% --- ..-

againet afterrevernti

A B ?Ull dam Fmll titk spinvery.aBcillataryti Samea, beforerever.nl ..- ..-
(~o) pttCh&nd yew (*

epprox.1 tcsn iu flat
attitu’aOma 2 h steep
attitude,t!?enrepeated) I

A B ,--do--- Neutrel steepspin Vent into inverted ... ---

Bt.slleiglideappmx.

* turnsatter

A B ---do--- ,.PUU !knt ihverted --- -— -..

agdimti .

B EoEe Full up FUu Periodi.a3Upitchedfsam Steepslide,extremely J . ..-

(30”) agaitmt a flatto a steep .sciUstoryin roll
attitude and pitch

$

B .&- ---dO--- Neutral Stalletslide,cxtreneW em a. beforerevemnl
osciu.toryin roll

B -&J- ---do--- Fullwith spinveryoscillatoryin l.!a&lf2 of . tuxnand ..- -..
roll d pitch went into etalledglide
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B

B

B

B

B’

B

c

c

c

c

c

c

c

c

c

D

D

D

D

D

D

D

D

D

~

s

E

E

~

E

E

E

E

!4akti’1-
.a:Lan

K.Ee

-dO-

-60.
-dO-

-dO-

-do-

-d.a-

-&.

-dO-

-do-

-da-

-&-

-&-

-eO-

-do-

-dO-

-eo-

.d.-

-do-

-da.

-d.a-

-&-

-do-

-dO-

-eO-

-&-

-dO-

-dO-

40.

-do-

-do-

-da-

-ao-

Elevltor
setti~
Priorta
r.ova,s.k
~

Iieut.rd

._,j@..

.-40---

?uudom
(m

---d.a---

---da---

Full q

.--de--

---do---

neutral

---d----

--40---

Uudmm
(loo)

-—dO---

.--dO---

Fuu,up
(33”)

.--dO---

--da---

reut,al

.4.a---

.--do---

%7

.--40 ---

?Idl!@

--&---

--dO---

reutrsl

-&----

--dO---

Iudom(~o)
--dO---

--d.a---

C= R!!8.- SPIHmm Ommm wITEmDEL8.~

Flu

Neutral

Fd.1U-ltb

FvJl

Xeutr8L

FullWlt!l

ml

mwm.1

ml Vitl

.

Full
a@rls.t

He.trel

FullW-M

PtllJ
against

Ueutral

W1.1M-M

Fun
against

run with

mu

Iieutml

a with

Full
qwimt

J-uwith

mu-l
lgalmt
Ieutral

u with

Descriptionofmdel
motionberm. control IrligbtWth afterfullreversal rudderreversal

1

hued andpitchedon’bsd RolledLutedive

---&--- I ---&---

RaUed and WIA htn dive Sidled @ide, ext,-1
or ontoheck o.ciurhrr in mu

stauOd glfde I ...
Stal.lcd EUde, &._ly StnUed glide, very

oaculatmy in rOIl, O.ciuatory in roll;
ptti, and yaw ro-atian stowed in

1 turn

WJlcd aide, tiewly Se as before rewrml
oacu.tiry in mu

---b--- .

I
---&---

Mel yam-acad pltcb.ed I ---dO---
iutestiq dive

weep @lde, veryC4Sdma- Sthued @de
taryinrou

RSued glide,●%k?cm’?ly Stalledaide, very
0.cmtory in 2?011,y.., omcillmtoryh roll
d pitch

---dc---- 1 —-&---
--dO--- 1 --&-..

bdel Idled d yawedhto S-me. beforer.rcmal
mteepdivt

;kned glide,yhwd ma Stalledaide
banked

dleledaud yawd iuta.tiq Dive

‘tilentlyoaciuhtorxin
‘roll,W., ad Pitch

.tdledglide,veryasdl-
la-aryin rou and X5

trilled@, veryaacii.
Latarrin roll.

itchedand roUed.anti

tailedglide,V-y oscil.
latelyin roll

ailedd pttcbedonto
back

~d az.iBitchedinta
rertlcelcm irwerted.
r,aaitic.11
tal.ledglide,c.li@ly
asci.llabryh roll

Hademretiaulturnen
went imtadiTe

.-

.-.

..-

---

-..

-—

-—

.-.

-—

---

...

.-.

.-.

.-.

..-

...

..-

...

---

---

---

...

---

--

—-
—.
.-

.-.

...

.-.

.-.

..-
-—

—.

.-.

...

.-.

---

--

—-

...

FM8htrathafter
full ●levatar
reverul

.-

...

...
-.

...

.-
—.

...

---

-..

---

...

..-

.-.

..-

--

—.
.—
..-

--

-.

...

...

---

...

....

.-.

...
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Slevator

NOdifl-
,ettillg

Aileron Deacrlpzionof model
Flightpath after

Loading priorto motionbeforecontrol FlightPSth afterfull nllmltaneotmfull Flightreth afle=

cation -emnt settLlg
reversti rudderreversal rwersul of rudder full●levator

if SW and elevntar reversal

F None StalledsLide
%“T ‘d

Stalledglide,OBCU* --- ..-
S@r..: tory ti roll

F -dO- --- .-.da Neutre.L -:-de--- Sane es beforerevernti ..- ..-

F -do- —-dO--- Ptil Illtb &..- ..- D1”. o, stalledSII& --- ---

F -do- i?eutral Steepwauderti azd very S- as bef.a:ereverml ---

St OsciLlatOry.ph with
...

$ilip

~ -do- ---dO--- lfeutrel ---dO--- Went into s steepdive ... ..-
in greaterthml

1+ ttums

F -do- ---&--- Full Wlbb ---&--- ..- -- ---

‘F -do- Full &mm Full Steepopti,extr5.ely S= as beforer-ml
(MO)

--- ---
agdllst wan&rilLgallaomilm.tory

F -do- ---&--- Xeutrul Steepvamk-ing end c..mil-Went int-ainvmted diYC ...
latorySph h-la 13Jip

..-

F -do- &--- --- Fwl Vltb do--- --- Same ss beforereversal ... ...

G -dO- -w Full Wltb stalle.ispiralgli.le ..- --- ..-

G -d.. ---dO--- Neutral Stalleds31de -.. --- .-.

G -do- ---dO--- FuU ---&--- --- .-.
S@llmt

..-

G do- Neubzal ?& WLth spiraldive --- ..- ..-

G -do- —-&--- NeutreJ naae 1/2 tuxn,diveta S=e m he:orereversal ... --.,
ehortdi.tlr.c.;motionis
repeated

G -do- --..dQ--- Vcry c..dllllt.azyW-I*tide Y& 1/4 *L% and add
Last

.-.
radius;tightbe spinor

---
(mderatelysteep)

Brdre.1aide

G -do- Full down FuU I,Itb h’mkieringspinwltb Lvge
(200)

Made 1 to 2; turnead --- ---
pitchhg OBcill.ti.am;
very steep

vent into im.erted

G

,Plns

-do- -.. ...& Neutral do... ... Sme an beforereversal --- .-.

G -do- ---do--- run Pitchedintoinvertedspin --- --- ---
agdm.et

G A ?UJ2 up Full !,-lthspiralgll& --- --- -..

0 A da-.. --- Xeti.rnl da--- --- --- --- -..

G. A, da.-. --- Fro --.&--- ... ..- .-.
S@mOt

G A Xeutral Full with ---dO--- Sk u beforereversal --- .-.

G A ---d!7--- ifeutral ---&--- ---&--- --- ---

G A ---da—— Full !4sc&r35gpin; Olw yatig l.!! 1/2 tura and went ---
a@!lOt oacUlation yr tmm of

---
imto atal.ledsMde

qin

G A Fl&l &m iull with spiraldive Made 1/4 turn ma Walt
(=0]

--- ---
into inverteddive

G A ---&a--- Neutral ---&--- Ma& 3/4 tm and went --- ---
hitc.inverteddive

G A ---&--- vent ink invertedspin —- ..-

a%st

---

E none FuU UD Full titb StdJ.edglide -.. ... ---

E -do- ---&--- neutral ---dO--- ..- ..- ---

x -tO- do--- ..- Full ---dO--- --- ...
agaks%

..-

E -dc- 5eL+ml Full with wide BptialglideomclLla- Sme as beforereverw.1
tory h pitch

--- ---

E -da- ---&--- neutral ---&--- —-&--- ..- --- \

E -do- ---do--- Pull wide Zdm spin %de 1/2 turn and dived ..- ..-
asaiant

x -do- Full down FuU with Spti,.aScilktoryin roll, S- nn beforereversal ---
(a.)

.—
pitch,end yaw

E -d.- ---do--- Neutral Spin,o.till.baw in pitch ---a9--- -..

and w.

...

n -d.a- ---do--- 2pia,O.cm.ary in MU, Made 3/4 tgra and went ..-

n%.t pitch,allayaw
---

int.antalledglide;or
made 1/4 tum and vent
into steepinverted
dive
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Xlevatm
Deacrlptl.nof madel
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-
Mo&~.fl-

.etting Fllsht*th mfwr

rmiorto — motionbnfee control ?lfghtrath afterfull ,imltmmum NL
a,,;Ou

fullelmator

maveuent Settins reverd redderrevere-al reversalof rudder
d elewtor

if mu

revermi

1 8011! FILl w Full W-its Mmt ti~ a st~~d W* ..- . . . . . .

1 -dc- do—. . . . Reutrti ..-&— -. . . . -..

1 -dc- -.-dO--- Pull .-&--- .-. . . . ---

asalmt

1 -dc- Metiral FLU !.-lUl Steep spin sue 8s beforerwerm.1 -.. ...

I -do- --dO--- Neutrti ---dO--- ---dO--- .-. -..

1 -dO- —dO--- ---&--- Divedout tier aplrox. ... ---

=* 1 turn

,

#l&*. ,

#

— .. L,ACA ,-/

s

. .

.

.

‘-=’%- --- -.--=----- -.”~-!x~lw .7>., ------
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[Utieiwotherwiseindicated,.teady-.pi!!date.are for rudder-withnpinsof ths mdkl in t!ieclean
conditionwith the landinggear extendedand stabilizer,ettingzero and z’ecc.verieaverej
Stt=Dted by raP1d fullreaderreverim.1:right erect reins
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I LandtigA I Lacdhg B 1’ LoadingC I
1

Aileron. Agninst I Neutral With A@inst Neutral with Against Neutral With

(:) (:) (:) (:) (:)
N

(:) D (:) (L) (!) (:) (% (:)
N

(:) (;) (:)

. . . . ., . R .. -. . - . . . . . . .

. . - .’ . . 0 .. .. . . - . . . - . .

. . . . . - s -- -- - . - - - -. - - -

>245 >245 >245 >2by >245 > 2k5 : >245 > ‘2k5 >245 - > 2b> > 2b5 > 2h5 >245 >’245 - >245

n
e. - m 2; . - . .. -. n 2$ m+ m 2* m 2; m 2+ + - m +

I I

I loadingD I LoadingE I LoadingF
I

I loadingG I LOe.aiEgE I Lmaing 1 I
1 1

Ailemmm Agslnst Neutral With Agafn,t Neutral Wivl Agatiat neutral with I
A
Elevators

a, aeg
$, deg

m
44+!444

D(3 (L) (L) (% (:) (3 :, t) & D “ ‘ D “ n &
! * - - - 39 - - : - 67 43 62 n kg k5 -

4D ,-, - - P - - - ~ 0 ~ ‘= ~ 0 -

72 - - - 0.57 - - n - O.’@ 0.640.71 0.73 0.68 0.66 -

; >245 1>2b5 ~2kS I>2k5 ~ 147 : I 245 [ 116 >245 >245 >245 leJ4>’245 >245 ; m 122 202 155 145 1% 13A >245
.

I I . . . .
.1.1-1.1. / 0.:1, I-+tT

mlzna u
for M2

recovery

Loc.d1n2A LoadingC I.aadingF
leadimgedge%f stabilizer30° dm leadinsedge of stabilizer30° dovn leading edge of stabilizer30° am

ing edge of sta.

(c) (d (c) I(.)I(.)I(c)I,(.)i (c)
.a,rlesx - - - B % N_- l -l-l-l-l-
@,deg 0 - - - 3D 2D 0

n,me . - - - o~57 0.77 S

ElevatorsI u I DIuINIUIDIUI DIuINIDIUID u N D u D u n u. N D
(k) (:)

N - N - - - % * N N -

0. . . . - - - 0 - - - ~ SD o 0 -

..- .- - s - s - - -. O.n 0.72 ~ a -

v. fun !! 1.1.1. 1871 a71~l .1-l-l. \> 2b5 - ? . R %45 >2115 b2k5 I!25 124 P ? 191i 1 1 1 1 —

mums n n
for h5 - h5 - “ % h4 h4 ‘h5

recovery
m + h5 “ - “ m+ m2* - . . n n >$

Larding1
mdder-agaimt @ns

Loading I
lead.tig cage of mtc.bilizer3110don

dlllezear retracted

Ailerons WBt lleutrc.1 with
=K%=

.Blevatc.rsu ‘ D u N D ‘J N u
(:)

a,deg R N - N - - - - - N
@,des 0 0 - 0 . - - - - 0
n,,rp, B B - B ~ - - - - B

P P
~,fw i u? : 165 149 162 195 >245 ;

n : — ~ n
mum.

for ., ., . . -
recovezy

Weep spin.

b.%COVeZ’Yatbmptad beforemodelmxhed finalsteeperattitude
%aeratdy steep spin with inm.easin~ radius.

%adel attitudedid not changetiterrudderreversal.

e2k recovery.

‘8teepnpinvith increasi~gradius.

mo t~ea of Uphl,

N D u
(z) (3 D ,U Ii D

N N1 - 40 - 64 - 65
0 0 - 2D - 0 -
B B . 0.72 - o.6a 0.77 0.:
P P .’
i i 173 216 - 160 142 136
n n

‘6 ‘6 - - - “

h~en launchedin a flat attitudewith the ruddersgahmt the r-ate.ticm,
the model ceasedrotatingtier indicatednumberof tuzm.

kteep .pzn “ltb MM1lI’ndi”s.
Jwgnde,ing spin, rate of Totatioh V~ieS ,

~ide radiusof spin

‘Two conditionspoaaitie.
%he model recovered in 1.s8 t~s b ~~ca~.

UNCLASSIFIED
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~nARI10.-SPIN DAT4 OBTAIWSU WITH KOD2L 10

[Unless otherwlae indicatea, steady-spin data are Pm’ rudder-with aplns of tk mo&l in tb? clean
cor!ditionand recoveries were attem~ layrapid full rudder reversal, propellers off except]
where Imiicati

Lcadimg A, left erect spins

I

38

Against

Ailerona 3ull 1/2 I m 1/4 Neutral
I

With

Elev8t0rn u ;U ;U”
(:) (:) (:) (b, (a)(b) (:)

6-9
: n 2 ----- 3 ---

N
0

-ID m 4D ----- a

5U W
-..

3U w
s
P O.n 0.59 O.&l ----- 0.78 ---
i
n 182 194 196 >304 1s’6 > ?Ob

d,e e=
a3

‘5 - - .
1

%! 1/2

% 1/2 ‘iel/2 ‘>5gl/2 ‘4
.

n n D

(:) (1) (a;hl (:) (afih) (:)

64 48 60
,72

----- 72 ----- 76 . ..-. .-u --

m 9 a
4U - 2U

----- ----- 3U . . ..- -----

0.41 0.55 0.54 ----- 0.56 ----- -----

@ 159 274 >30L j 210 >30b >30b

. ..—

----

----
II
0

s

P
i
n

$, deg
I

3-
0.61

199

.

vi ma ‘1
Wrm
for

recovery I

I Loading A, right erect spbs

Asainst With

Neutral
Ailerons

Full ~/3 m mu

Elevators u 9
(afif)

;U u D
(:) 5; ,5; u n’ ‘

“61 57

% @a ------- 89
........- ------

2
-------- ----- 63 ---.-- . . ----- . . ----

U L5D m 20
$, deg o

-------
10U ---------

------ 6U
----.--- ----

2U ------ ------- ------

i-l, WS 8 0.72 0.52 --------- ------ 0.55. -------- ----- 0.52 0.51 . . -----
— P

......

v, fPn i 1.88 18a >304 >338 274 >3-70 >332 2U 244 > m > W

n
Tualls Ge3jL %/2 2 %

a, e2 e %

for
m . . . ~314

‘“L 1/2 \ a3 3/~ “‘2 ‘2 1/2 ‘% l/e
recovery 7

—

Loadin#A, leftspire LandingA, righterectnpim, ntability
flaps*flec*d 25°dawn

vrcmellerDitch= 30°

with

Reutral
~13t-”

Against’ with t. Against

Aileroni 1/3 I 1/3 [ml m3.1. I 1/3

Elevators ;U
;U ;U u ‘=’U

(b) (a)(h) (:) (a)!j) (a!(b) (afib) 3

40 -10 64 50
a, *E E 48 86 79 57 ---.-.--

Ii

R
4D0 ku

------ --------

B 0.3 O.bo 0.42
P ‘--
% >3 ao 262
n >370

13 >1 IIT >3 1/2 >2

‘3 73 ‘6 >3

N
0

EE!
al
‘m 4

0.33 0.30

241 2b4

e
>6

>2 3fb
>6

u
0 F3P

&u

0.45 =1=1=
120 b
8U 3U --------

0.52 0.45 o.~

199 233 227

g, &g I
s s

P
f
n

s
P
iv, fw 1 177

>5
.

n n

Turns
for I

recovery -dJE
%cillatory spin; range Or values or average value given.

b?twocontt$tiom possible.

cRecovery attempted hy shuO.ten@ous reversal of rudders to fwll cqainst the spin end sttck
to lcmgitu!tinell~till back.

‘Recovery attem@etibefore final.steep attitude.

e~co=ry attempted by rovers ing zudders to 2/3 agninst the spin.

‘Recovery attempted by simultaneous reversal of tiders ta full against the spin and O?
to Iongitudally full back and latetily full against the spin.

%ecovery mttempt.edhy simultaneotisreversal of rudders to fwll against the spin end of
longitudinally fommrd knd latmdly full with the spin.

t-visumxFst.ilrmt?.

‘iliderad%us spfn.
d
Wmiering spin.
k

Ste LP spir..

‘ModelI_ecovernina steepdive.

stick

, stick
,

.

--
●



NACA RM L50L29

UNCLASSIFIED

39

.
.

.

CIART 11.- SPIN DATA OB’LiIN2DWITEMODEL11

[uti,Bs.the,wiseltitcated,steak,spin dats.are for rudder-withspinsof the MOdel ln t~ .1...
conditionand recoverieswere attemptedby rapid full rudderreversal,elevatorU, N, and D
.Ignifiesstick pa.aitior.sof back, neutraX,arA forward;right erect spins]

LeeAinsA, ,mdders LoadingA
se in.t tke spi=

Lcdiw A, fkpi &3Wn kJO

4iler0ns Asain. Neutral With Agaicst Neutral With A@zat Neutral With..

(:) (3 (3 (:) (:) (:) (:) (3 (%
u n n

(:) (:) (:) ($ ;; (:) (i!(:) (:) (:)

cc,&g---- --- - - - -
1 f 1 t 4 I 1 ,,.-,---

$, deg Ian, m,

v, fps
tins for
recovery

I

82 86 83 - - -

- - - - - - - - - - - - g :3: ~: - - -

-. - -, - - - - - - -. - - 0.13 >.ca 0.10 - - -

. - . - . - - - - - - - 121 121 118 -, - -

el ek e3- - - . - - - - - - - - ‘2 4 ~. - - -

90 w 81 84 @a 86 84 - - -

5U
36D 20D 3D 8D ID

i - - -~ 50u 25u 9U llU lU

3,69 0.04 0,22 0s U6 w O* - - -

10T 113 123 118 118 116 118 - - -

---- ---- ---- -.. -.. . . . . . . . . -

I
LaedirsE

I

%cill.ted vlole.mtlyin pitch and roll. ilateof rotation&creased as the violenceof the os=illati.ansincreased.
%nit ial rot.tiesstopped. Fuselageremaiaedapproximatelyhorizontal.
eInltlalrotationstopp$.i,Model then began to rothte i~ opposited2rectionand oscillatedviolentlyin pitch and roll. +te of rotationdecreased

aB violenceof the oscillation.increased.
%cillated in roll.
tilase remained.pproxtitely horizonttifier rotationstcmed in number of turns, indicated.
‘Modelnosed over into steegdive after rtiationstq~a in numberof tvrrx indicated.
STwotypesof spin.
%lidaroumdwith large radius, NOS. approximatelyho” belccrhorizontel.
iSlid sznuudwith larse radius. Ease apprcximntelyJ@ bel.m horizontal. After n few turns nosed over end vent inta ir.verted,dive.

/,, UNCIASSIFIECI
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CEMT U.- SPIM Mm OBI!AISEDWrm mm 11 (cmlcmEol

Laa&inBA, rmdll!.gA,

LOdirlgA, lading condition
~La.alngk rlapadarn 4+ LOsdingA flapsdown 47

Mndm A, freals rotiting
pro~ller inatallid

m
Ailtmm Aardr,at Keutrnl With

UOdiflcation Mtif icat%on ModlticatlOU HOdificntlan
A A B B A&inBt R?utral with

u n D u ki D u
:1) (:) (:) (:) (:1 (:) (:) E (:) (:) (:) (:) (%) (2) (:1 (:) (!1 (:1 (d) (k) (a) (.) (a) (z) (:) (% (:) (:)

- 7gi831 - - - - - 65 & . . .

II LandingA,Wdifice-timc I Lcudinak, ti?icstion D
I ~w A, edification E I

I&ding A, tiification F.
I

I

LaadirwA, Udiflcatlom G tiding A, xcdificationU“

I

~

Ailerons Against Neutral With A@.st neutral with

rated.
,,

%itiiil rakation.tappatModslthen hew ti rotateinww.site direction8.39oscillatedviolentlyinpitchand ro%l. Sate at rotationdecrnased
as violenceof tbs oaclllationaiucreami.

%cillated in rOIL.
‘FuselageremUiZed approximatelybarizontnl.
31niziEJrote.t.ict,~to~ped.~1ided forwardrapidlywith nose approximately15° below horiaout.al.
kznit1.1 rotation.tOPPed, Mcdel nosed over into steepdive.
Zfllidea forwardrapidly.ith nose appraxfantely15° bek”fhOriZQUtUl.
% ttial rotationstopped. Qlidedforwardfcu a f~ feet 35° bele-.tb.orizcmtaland the. nosed over into a steepaive.
%it ial rotation#tWed. OlidedVW alightr&aticm to risht. Fimcl.wewPmxsmute4 hwimt al. 06ciUatia i. roll of %roxhtely ‘*o.

.
B

.
. ,=
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CHART12.-SPINDATA OBTAINEDSTIW~DLt L2

[Unlessotheimlseindicated,Shady-repindataereforrudder-with spiNsof thamodelin theC1OUI
conditionandrecoverieswere atteapt.eiby rapid full rudder reversaLJ elevatir U, N, u%I D
signifiesstick P40iticmsofback,neutraL,andfoma+ righterect.%@

LOtig L , rightaplns LowAtnsA , left SpitXl
, # 1 1

r
“

Al&It I Neutral I WIth I Aminst I Neutral I WithN lerons

Ii!
‘he U N
c d d) ?

66 86
5i+ 69

N’
0

9U 13U g
12D 15D

: .13 .1 :
1 i
n 171 171 n

at ‘i

Elevators

a, deg

N
0
a

P
1
n

$, deg

n, rps

v, rm

Turns
for

recovery

Loading & ming-tip trlml-
usedLI conjuncticmfltb
theelevator. 2 ta 1
&f lectim ratio be+mrmn
the elevator and the
~~se; Traf.LMg adge

mvea up as
trolling edge of elevator

wadingA,wins-tiptrimmm ~~
ItIconjunctiontiththeruidss,
1 ta1 deflectionratiobetnum
$hhks andtsM triqb=aI.

movesupas adjacent
rudder novas out~cd’d.

LeadingA, m’fmg-tlptrimmers
used L! conjunctionwith
the allerona,1 t-a1 de.fkcti~
ratio betwean ailerons and
the tri~rs

moves dam.

Against With

J D ~rae IJ D D Free
):C) (0) (a) (lb) (bl) (a)

w w
~j ~; ...- ;~

0 0
2U

8 ● flD % ---- 16[
; P

i
n n 0.17 o.la ---- 0.17

171 174 ---- 174

.~ ~1 ---- @J
2 2

Aglsnst Neutral With

D Free “u N D Free u N D meeFr,

j)(~) (J) ($ (dk) (J) (d) (d) ($) (Mb) (b

IS N Pi !+ N N 65 :: ~ it N
I 0 0 0— 0 0 0 0

12U 38u
; ; ; $D 8 ; llD 13iJ ; $D ‘

: 1
;

i 1 1— i
n n n 0.08 n n 0.12 0.12 n 0.16 n

171 ‘ 192 189 198

*1
L “t “i ‘---

N lerons

u D u D
.)(c)(c)(:)(:)(d21

N N N g E ;;
0 0 0

s s a 3U W 23[

? ; ?
31U 47D 221

i i
n n n 0.18 0.21 0.1[—

174 189 171

hl~ el~ tf

t

a, deg

$, dog
●

✌

12, rpa

P
v, i’ps

Turn#
rot.

recover

LoadinsB
I

Loadhlsc
1 I I

k Asainat Neutral with Against Neutral With

Free Free u D
(Y) (:) (:) (bd) (b) (d) (bd) (b:) ~kt (:)

D Free
(0) (d)

u
(:) (:2) z; (:) (:2)‘:;

68
E ;; 70 ~; ;: ~

87 96 -/T 72 73 77
52 - 30 60 56 57 60 60 ---”

N
58rI : 16u :

N
0 28U 10U 17U 50U : 0 u

75D 9D
38U C6U 13U 20D 32u ..-.

3% 25D 17D 25D 250 38D i7D %D 7D 41D 20D
s a s s

;
i 0.09 ; 0.L8 : 0.17 0.16 0.15 0.18 0.23 : ; 0.20 0.17 0.25 0.24 0.19 0.25 ----

n
182 “ 182 n 190 182 177 185 190 n n 179 183 177 179 174 174 ----

~~ hl
2 ‘f ‘: .~~ ‘? ‘+ ‘~. ‘1 + 0+ ‘1* ‘-”-

~~
2

IELevatc.rs
1-a, deg

F
$, deg

Q rps

v, fps

Turns
for

recovery

&adel ●wed in a circle of extremelylarge radius at a
,_ hi~ u@. of attack. Rotationalvelocitywas low.

‘Modelosclllnto~ in roll and pitch) range of valuas w
Waraga Valua given.

b~o conditionspossible. ‘Wandering SP in.

CModolrecoveredby pitohing am%r rolllngout of the spin. tMOdeloscillatesin pitch and wanders:aPPearstO EE11OP.
Motion during racoverywas extremelY violent. %odel reooveredof itm OWn accord in a wldo SPiral slide.

do~oi~~atory~pin; r~ge Of “al”as Or averagevaluo given.

‘Afterrecovery,mdel gLtdedfonrardat a fbtJattitudefor
‘%odel reaovemd In a wide spiral glide.

an appreciabledistancebefores~g safetynot.
OMod~~:Iat into an invertedspin after a short vertical

f- ~=ovm, _ &&d f~~ at a flatattitudefor
a shortdistancebeforestrildngsdetY net. %igh rat. of dasoent. Model executedbne violent

osoillmtlonin pitch per turn of spin.

g~ter I.eCOVaPy, model glided forward at a flat ●ttitudefor
● short diatanoaand then nosed down into a #teep dive.

v’h~t.r I.aCOVaPy modal nosed down into m cte.w dive.
i
Mddsl tdo oscillato~ in pitch and roll to test oomplotely.

.,
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CHARTL2.-SPINDATACgTAINEDTITXX 12 (C~N020)

II LmdJngn I LoadingE I

.

u N D Free Fr:e U ?2
zhv~iars CC) (c)

D Free Free u N
(bd)

D Free Free u N ID Free u N
(d) (d) (d) (bd) (bd) (d) (bd) (tq (br) (bd) (a) (a).(c)(c) (d)(0 (i

B -
75 85 49 75 52 75 % >-- ’76 ~ 95 81

z 21 l@ 39 50 57 63 55 1+3 47 65

~ N 22u : 21U 50U 80 llu m 3otr 19U o
0 0

l~u 6 lU 35U :

0 18D ~D 5D 7D 15D 12D tiD ‘-- LD 6D LED 61+D

m. ml, 1P I ; ;1

ti
0 H

98

68

3~D :
46D

IAllercnsI fis~nntI 2ieutral I Y/itti I Aminst !

m

Heutrel #ltll

) DFr UN D Fq
>d (bk ( ) (d) (d (d

93 . . .
90 9a 102,

6L 6579 011

b2u : *U --- & K
47D ‘-- bk~ 0

1=1-V, fps n

T;:~

recovery

0.18 ; 0.13 am 0.1 0.22 0.21 0.2C 0.22 ---
, a

0.20 0.17 0.16 0.17 ; P 3.18 ; 0..%? --- ~
$ 1 -

0.16 0.1 0.16 ;
1 .— ..— i

n n ~o~ n 174 1~1 .203 1-(7 206 177 177 --- 182 208 193 185 n n 182 n 185 --- n 179 16.2 171 n

---- * ej +lh~ h~ ‘~ %+ --- “hq+ ---- “+ ‘1 % “$ --- ‘~ 81 ‘*“

* 1

I I ‘-’’~dm~ 1
L’JadingA,landfnggeara~

I
Hmg A,landingcondition

1 I Neu-*1 I .“= IAilerons Neutral I W,t.h Ikainst ~ tieutral
I WLth

0

9

.
.

‘L’odeloscillator?in roll ml gitch, renge of valves or
avm.ege value givmn.

b?wo conditions Dosalbla.
C:;adelracovepedby pitchingand for rolling out of the spin.

Mo,tion during recovar~ was e~tremely violent,
dqscillntory spin, ranga of values or svernsa value Eiven.

‘titer recovery, mcdel @idet forward ataflatattitude ror
an anreciable diatunca before stri!dng stiety net.

‘Uter racovary’,model glidedfornudat a flatattitudefor
a short,distastebdore stritig safew net.

SAfter recovery, mode 1 glided forward ats flat att1tude for
a short distmce, mid then nosed down into a steep dive.

h~tep I.E,00very model nosed down into IJ8teeP diva.

iWOdel too oscillatoryin pitch snd rOll to teSt COVletelY.

i Nodel yswed in a circle of extremely la.rga radiua at ● high
an@e of nttc.ek. Rotational veloc!t.y wes low.

‘A%mdering ap in.

%odel od~illatesIn pitch and Maders; appem to +I*11oP.
qyodal oacill.qtoryin rjitchand roll, too wanderingto teak.

‘Model oscillatory in pitch and aPpeam to SEJ1OP; rarrge of
veluas or average value glvan.

a Model nnins s taeDIY and smacthlr with radius of #Din too
large te teat:-

tThe conditionspossible.
%JO+C.Ipitahedinto an invertedflct attitudeafter short

verticaldive.
*

.

.
.

IMIK’xASSIFIED
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C2ART 13.- INVIRTEDSPINNINGCEAFACTER1ST16SOF T20SE MOD212mR k7,1cEINVGRTEDSPIN 5STS W2RE FfiPfCFNITJ

[Modelleadingsas shown.. table 11, clean conditioninvertedspinsperfomed with mdela
qinning to pilot,B right,rudder full with the directionof spinning rotation,recovery
attemptedby reversingrudder full againstthe spin, m mdifice.ti.anson !iodel~

Model 5, londlnq A

IiliibAgainst Neutral With

DUN DUN DUN Em(3 (3 (:) (:).. --- ..—

Wutrd Iwithm (:)
N
o

I I Mcdel 6, loadingB I Model 7, loadtngA Mtiel 8, Loadit!gG
I I

With Agaimt With

Allemns Agtillst Neutral 1] 1
. mu I R.U.1 I

1 Neutral $ I nlll i Againet.

B
Elevator.u NDU

a, deg N N ii Ii
0000

$,deg ~ , ,,

n, rpe : ;PP
ii

V, fpmnnnn

lilrnsfor
mcmery

—
D

A
N
0

s
P
i
n

——

.
.

.
.

lcadi~ A
I

Kodel 11, Ioadir=A
I

Idcd(

F.....”.,
I I I I I I I I I

N u ., .,?.,. ,,”. I

Elevators (!) (:) (:1 :) (:) ((’i (3 (;) (xl :)’i)’(:)I
a, des 47 ,. . . . 65 82 . . .N N N

0 0 0

$, deg $U 34U a
31D m - - -s B s

I n,rpa o.6~ 0.58 - - -- 0.07 P P P0.Oi - - -i ~ ~

.. ... . . . ... .. . . , . ., - . . .- .1 . . . . . . . . . . . . ,–

Ii
0

I 1 bD I ! I I 1-1-1

-n n n n
I -

k. - -- 176 182 - 174 n 174 1?1 167 176 - 176

f, 1-1/2 fJ>3 f, t, f, t, y314Y= - f,

Turns for - . 1/+ I/b
3/bY, Y9

3/b 1/2 1/4
1

f,>5

1-1/2
l-1/2

h pitch,
steeprapid spin.
[nthat w.. .a.till.to~in pitch, rate of rotaticm, and rate of descent after rudderwas reversed. =l!KZ=

I V, fm I.pprox.2501 194 12xl.1.1. l-1121

I‘ec”vewI ‘
I ,
W!*1 Osclllatolyi
bliadelwent into a s
cModelwent into spi,
tiscillatm.yspia;range of valuesor averagevalue given.
Yandering sad oscillatoryspin.
w mal estbate.
gNec.aveIy attemptedby neut=alizaticm.af(1) rudderand ailerons,(2) elevatorand ailerons,(3) ailerons.
h!mel pills cat in a dive, rollingabout longitudinalaxis.
jMadel pUllS out in stallede.t,tit.tie,rollicqabout lcagitudinalbody nxi,.
Mcdel rolls erect rer.ainfr~In a stalledglide with rollinge.aipitchingoscillations,

%fodelremainsin a glide.
‘Modellaunched!.lthrudder againstspin,No spinobtsiwd.
mwenterect.
‘N.Ydelimmediatelyrolledwith ailer.aminto erect position,pitchedinto invertedPmitica, pitchedback into erect POBitbn and dived.
008c111ated violentlyin pitch and roll.
pIncreaaedrollingoscillationscausedmdel to K. into stalledglide.
%-e at in s SteepOr i~”eti~ddi”~ ~~d t.ti~dtO pitch i~t~ fkt i~~~t.d ~SitiO~.
‘Inititdrotationat.apped;fiselageremimd approximatelyhorizontal,
#oscillatedin ma.
‘Fuselageremainedapproximatelyhorizontal.
‘bdel recoveredby pitchingand rollingcut or spin;mation duringrecoverfwas extremelyviolent.
‘Modeltoo o.cillt,toq.in pitch and roll to teat completely.
%ree ConditionsPosdble.
‘TWO mr.dftiom pasoible.
yAfter recoveryES&l glided forwardat a flat attitude.

UNCLASSIFIED
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b

CIART lb M2W32 OF S?12-FWOV3RY2AM- ~2T2 lVR-M

[Mcdelin cleancordit,ionexceptwheretiheffiae1m13c8tetis.11reatitaare
forspinrotstlonb pilot,s right,dimenoionosire.arefull-8caiel

?wm for i-.xovcly
Elevator

m-lin,Drag u I .=/w I H I D
e.gth cc-s?- Laading
(ft] ficient hikrcmm

;=; :: With 1/3 1/3 !ieu-Witk

%?%
wit31 tml

2.5 0.70 A ---- - ..-. -—- ---- .... ....

L!3.o -dO- --&--- -–- ~, 1+ “
.... .... .... ----

30.0 -dO- .-dO.- ---- 1, l% - ..-. ..... >3 -

2.5 -dO- --dO-- ---- ~> - - ...- .... 3,*-

P*r*dutte
location

Para-
chute
dmr,-
ete=
(I-d

tie]

2

—

b

—

5

—

b

-.

,ttlttide

Erect

-da-

-do-

nemnrk,

33A6z-WU-
imt *al

.... .-..

I
ml ine attachedbatw?mn9ltch flsz
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(c) Rudder details for model 3.
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(d) Rudder details for model k; split-t~ rudders.

I?igure 6.- Continued.
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(e) Rudder detail for model k;,alternate circular-arc type rudder.

Figure 6.- Concluded.
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Figure 7.- Increments of yawing- and rolling-momentcoefficients contributed
by models 2 and 3 rudder controls as a function of angle of attack.
Rudder controls on right wing tip fully deflected; rudder controls on
left wingtip neutral; q = 4.2740
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Figure 8.- Arresting gear mast for tail parachute attachment

-

of model 10.

E
o
t+
%

----
r=
G


